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SEMICONDUCTOR MEMORY DEVICE AND In example embodiments , the semiconductor memory 
METHOD OF FABRICATING THE SAME device may further include a bit line connected to the cell 

channel structure . 
CROSS - REFERENCE TO RELATED In example embodiments , the cell channel structure may 

APPLICATIONS 5 further include a first data storing pattern between the stack 
and the first channel pattern . The first dummy channel 

This U . S . non - provisional patent application is a divi structure may further include a second storing pattern in 
sional of U . S . application Ser . No . 14 / 960 , 776 , filed on Dec . contact with a sidewall of the second channel pattern . A 

material in the first channel pattern may be the same as a 7 , 2015 , which claims priority under 35 U . S . C . § 119 to 
Korean Patent Application No . 10 - 2015 - 0015310 , filed on 10 material in the second channel pattern . A material in the first 

data storing pattern may be the same as a material in the Jan . 30 , 2015 , and No . 10 - 2015 - 0022401 , filed on Feb . 13 , second data storing pattern . 2015 in the Korean Intellectual Property Office , the entire In example embodiments , the substrate may include a cell contents of each of the above - referenced applications are region including a cell array region and a connection region , hereby incorporated by reference . 15 a peripheral region spaced apart from the cell region , and a 
boundary region between the cell region and the peripheral 

BACKGROUND region . The stack may be on the cell region . The stack may 
extend from the cell array region to the connection region in 

Example embodiments of inventive concepts relate to a a first direction . The stack may have an edge part that has a 
semiconductor memory device and / or a method of fabricat - 20 stepwise structure on the connection region . 
ing the same , and in particular , to a semiconductor memory In example embodiments , the semiconductor memory 
device with improved reliability and increased integration device may further include a mold insulating layer that 
density and / or a method of fabricating the same . covers the edge part of the stack . The mold insulating layer 

In semiconductor devices , increasing integration may may be on the connection region , the boundary region , and 
lower costs and improve performance . Currently , in a two - 25 the peripheral region . The first dummy channel structure 
dimensional memory semiconductor device or a planar may penetrate the mold insulating layer . The first dummy 
memory semiconductor device , integration is largely channel structure may contact the substrate . 
affected by a technique of forming a fine pattern , because In example embodiments , the semiconductor memory 
integration is mainly determined by an area that a unit device may further include a second dummy channel struc 
memory cell occupies . However , since ultrahigh - priced 30 ture on the connection region . The second dummy channel 
equipment is required to form a fine pattern , increasing structure may penetrate the mold insulating layer and the 
integration of a two - dimensional memory semiconductor edge part of the stack . The second dummy channel structure 
device is still economically limited . may include a third semiconductor pattern and a third 

To overcome such a limitation , three - dimensional channel pattern . The third channel pattern may be on the 
memory devices ( that is , including three - dimensionally 35 third semiconductor pattern . The third channel pattern may 
arranged memory cells ) have been proposed . contact the third semiconductor pattern . 

In example embodiments , the first dummy channel struc 
SUMMARY ture in plan view may have one of a circular shape , an oval 

shape , and a bar shape . 
Example embodiments of inventive concepts provide a 40 In example embodiments , the semiconductor memory 

semiconductor memory device with improved reliability and device may further include a peripheral circuit device on the 
increased integration density . peripheral region . The peripheral circuit device may include 

Example embodiments of inventive concepts provide a a peripheral gate insulating layer , a peripheral gate electrode , 
method of fabricating a semiconductor memory device with and peripheral source / drain regions . 
improved reliability and increased integration density . 45 In example embodiments , the semiconductor memory 

According to example embodiments of inventive con - device may further include a gate dielectric layer contacting 
cepts , a semiconductor memory device may include a sub - a sidewall of the first semiconductor pattern . The gate 
strate ; a stack on the substrate , the stack including gate dielectric layer may not be adjacent to a sidewall of the 
electrodes and insulating layers that are alternately and second semiconductor pattern . 
repeatedly stacked on the substrate ; a cell channel structure 50 According to example embodiments of inventive con 
penetrating the stack , the cell channel structure including a cepts , a semiconductor memory device may include a sub 
first semiconductor pattern contacting the substrate and a strate including a cell region including a cell array region 
first channel pattern on the first semiconductor pattern , the and a connection region , a peripheral region spaced apart 
first channel pattern contacting the first semiconductor pat - from the cell region , and a boundary region between the 
tern , the first semiconductor pattern extending to a first 55 connection region of the cell region and the peripheral 
height from a surface of the substrate to a top surface of the region ; stacks on the cell region , the stacks spaced apart 
first semiconductor pattern ; and a first dummy channel from each other in a first direction , each of the stacks 
structure on the substrate , the first dummy channel structure including gate electrodes and insulating layers that are 
being spaced apart from the stack , the first dummy channel alternately and repeatedly stacked on the substrate and 
structure including a second semiconductor pattern contact - 60 having an edge part on the connection region ; cell channel 
ing the substrate and a second channel pattern on the second structures penetrating the stacks on the cell array region , 
semiconductor pattern , the second channel pattern contact - each of the cell channel structures including a first channel 
ing the second semiconductor pattern . The second semicon pattern that is on a first semiconductor pattern and is in 
ductor pattern may extend to a second height from the contact with the first semiconductor pattern ; first dummy 
surface of the substrate to a top surface of the second 65 channel structures penetrating the stacks on the connection 
semiconductor pattern . The first height is greater than the region , each of the first dummy channel structures including 
second height . a second channel pattern that is on a second semiconductor 
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pattern and is in contact with the second semiconductor penetrating the stack , the cell channel structure including a 
pattern ; and a second dummy channel structure on the first semiconductor pattern contacting the substrate and a 
boundary region , the second dummy channel structure first channel pattern on the first semiconductor pattern , the 
including a third channel pattern that is on a third semicon - first channel pattern being in contact with the first semicon 
ductor pattern and is in contact with the third semiconductor 5 ductor pattern ; a first dummy channel structure on the 
pattern . substrate , the first dummy channel structure being spaced 

In example embodiments , the first semiconductor pattern apart from the stack , the first dummy channel structure 
may extend to a first height from a surface of the substrate including a second semiconductor pattern contacting the 
to a top surface of the first semiconductor pattern . The substrate and a second channel pattern that on the second 
second semiconductor pattern of at least one of the first 10 semiconductor pattern , the second channel pattern being in 
dummy channel structures adjacent to the third semiconduc - contact with the second semiconductor pattern ; and a gate 
tor pattern may further include a first sub - semiconductor dielectric layer contacting a sidewall of the first semicon 
pattern , and the first sub - semiconductor pattern may extend ductor pattern . The gate dielectric layer is not adjacent to the 
to a second height from the surface of the substrate to a top sidewall of the second semiconductor pattern . 
surface of the first sub - semiconductor pattern . The third 15 In example embodiments , the sidewall of the first semi 
semiconductor pattern may extend to a third height from the conductor pattern may have a concave portion , and the 
surface of the substrate to a top surface of the third semi sidewall of the second semiconductor pattern may not 
conductor pattern . The second and third heights may be include a concave portion . 
smaller than the first height . In example embodiments , the first semiconductor pattern 

In example embodiments , the second semiconductor pat - 20 may extend to a first height from a surface of the substrate 
terns of at least one of the first dummy channel structures to a top surface of the first semiconductor pattern , and the 
adjacent to the first semiconductor patterns may further second semiconductor pattern may extend to a second height 
include a second sub - semiconductor pattern , and the second from the surface of the substrate to a top surface of the 
sub - semiconductor pattern may extend to a fourth height second semiconductor pattern . The first height may be 
from the surface of the substrate to a top surface of the 25 greater than the second height . 
second sub - semiconductor pattern . The fourth height may be According to example embodiments of inventive con 
greater than the second and third heights . cepts , a semiconductor memory device may include a sub 

In example embodiments , the semiconductor memory strate including a cell region including a cell array region 
device may further include a peripheral circuit device on the and a connection region , and a peripheral region spaced 
peripheral region and peripheral contacts connected to the 30 apart from the cell region ; a stack on the cell region , the 
peripheral circuit device on the peripheral region . The stack including gate electrodes and insulating layers that are 
peripheral circuit device may include a peripheral gate alternately and repeatedly stacked on the substrate , the stack 
insulating layer , a peripheral gate electrode , and peripheral having a stepwise edge part on the connection region ; a cell 
source / drain regions . channel structure penetrating the stack on the cell array 

In example embodiments , the semiconductor memory 35 region , the cell channel structure including a first semicon 
device may further include a mold insulating layer on the ductor pattern and a first channel pattern that is on the first 
peripheral region , the boundary region , and the connection semiconductor pattern and is in contact with the first semi 
region . The mold insulating layer may cover the edge parts conductor pattern ; and dummy channel structures penetrat 
of the stacks . The first and second dummy channel structures ing the stack on the connection region . Each of the dummy 
of the stacks may penetrate the mold insulating layer . 40 channel structures includes a second channel pattern that is 

In example embodiments , each of the cell channel struc - on a second semiconductor pattern and is in contact with the 
tures may further include a first data storing pattern in second semiconductor pattern . The first semiconductor pat 
contact with a sidewall of the first channel pattern . Each of tern may extend to a first height from a surface of the 
the first dummy channel structures may further include a substrate to a top surface of the first semiconductor pattern . 
second data storing pattern in contact with a sidewall of the 45 One of the dummy channel structures disposed farthest from 
second channel pattern , and the second dummy channel the cell channel structure may include a sub - semiconductor 
structure may further include a third data storing pattern in pattern . The sub - semiconductor pattern may extend to a 
contact with a sidewall of the third channel pattern . The first second height from the surface of the substrate to a top 
second , and third channel patterns may include a same surface of the second semiconductor pattern . The second 
channel material , and the first , second , and third data storing 50 height may be smaller than the first height . 
pattern may include a same data storing material . According to example embodiments of inventive con 

In example embodiments , the device may further include cepts , a method of fabricating a semiconductor memory 
a plurality of second dummy channel structures on the device may include forming a stack including gate elec 
boundary region . The plurality of second dummy channel trodes and insulating layers that are alternately and repeat 
structures may include the second dummy channel structure . 55 edly stacked on a cell region of a substrate , the substrate 
The second dummy channel structures each in plan view including the cell region , a peripheral region , and a bound 
may have one of a circular shape and an oval shape . The ary region between the cell region and the peripheral region ; 
plurality of second dummy channel structures may be forming a cell channel structure penetrating the stack on the 
arranged in at least one row in the first direction in plan view . cell region , the cell channel structure including a first 

In example embodiments , the second dummy channel 60 semiconductor pattern contacting the substrate and a first 
structure may have a bar shape in plan view , and the second channel pattern on the first semiconductor pattern , the first 
dummy channel structure may extend in the first direction . channel pattern contacting the first semiconductor pattern ; 

According to example embodiments of inventive con - forming a mold insulating layer on the peripheral region and 
cepts , a semiconductor memory device may include a sub - the boundary region ; and forming a first dummy channel 
strate ; a stack on the substrate , the stack including gate 65 structure penetrating the mold insulating layer on the bound 
electrodes and insulating layers that are alternately and ary region , the first dummy channel structure being spaced 
repeatedly stacked on the substrate ; a cell channel structure apart from the stack , the first dummy channel structure 
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including a second semiconductor pattern contacting the includes a third semiconductor pattern contacting the sub 
substrate and a second channel pattern on the second semi - strate and a third channel pattern on the third semiconductor 
conductor pattern , the second channel pattern contacting the pattern . The third channel pattern contacts the third semi 
second semiconductor pattern . The second semiconductor conductor pattern . 
pattern may extend to a second height from the surface of the 5 In example embodiments , the first semiconductor pattern 
substrate to a top surface of the second semiconductor may extend to a first height from a surface of the substrate pattern . The first height may be greater than the second to a top surface of the first semiconductor pattern . The height . second semiconductor patterns of at least one of the first In example embodiments , the forming a cell channel dummy channel structures adjacent to the third semiconduc structure may include forming a first data storing pattern 10 tor pattern may further include a first sub - semiconductor between the stack and the first channel pattern . pattern . The first sub - semiconductor pattern may extend to a In example embodiments , the forming a first dummy second height from the surface of the substrate to a top channel structure may include forming a second data storing surface of the first sub - semiconductor pattern . The third pattern between the mold insulating layer and the second 
channel pattern . The first channel pattern and the second 15 ond 15 semiconductor pattern may extend to a third height from the 
channel pattern may include a same channel material . The surface of the substrate to a top surface of the third semi 
first data storing pattern and the second data storing pattern conductor pattern . The second height may be smaller than 
may include a same data storing material . the first height . The third height may be smaller than the first 

In example embodiments , the cell region may include a height . 
cell array region and a connection region adjacent to the cell 20 In example embodiments , the second semiconductor pat 
array region . The stack may include an edge part with a tern of at least one of the first dummy channel structures 
stepwise structure on the connection region . The mold adjacent to the first semiconductor patterns may further 
insulating layer may cover the edge part of the stack . include a second sub - semiconductor pattern . The second 

In example embodiments , the method may further include sub - semiconductor pattern may extend to a fourth height 
forming a second dummy channel structure penetrating the 25 from the surface of the substrate to a top surface of the 
edge part of the stack on the connection region . The forming second sub - semiconductor pattern . The fourth height may be 
a second dummy channel structure may include forming a greater than the second and third heights . 
third semiconductor pattern in contact with the substrate and In example embodiments the forming a cell channel a third channel pattern on the third semiconductor pattern . structure may further include forming a first data storing 

In example embodiments , the method may further include 30 pattern in contact with a sidewall of the first channel pattern . forming a peripheral circuit device on the peripheral region . The forming first dummy channel structures may further The forming a peripheral circuit device may include forming include forming second data storing patterns in contact with a peripheral gate insulating layer and a peripheral gate sidewalls of the second channel patterns . The forming a electrode stacked on the substrate and source / drain region in 
the substrate adjacent to sidewalls of the peripheral gate 35 . 25 second dummy channel structure may further include form 
electrode . ing a third data storing pattern in contact with a sidewall of 

In example embodiments , the method may further include the third channel pattern . The first , second , and third channel 
forming a gate dielectric layer contacting a sidewall of the patterns may be formed of a same channel material . The 
first semiconductor pattern . The gate dielectric layer may not first , second , and third data storing patterns may be formed 
be formed adjacent to a sidewall of the second semiconduc - 40 of a same data storing material . 
tor pattern . In example embodiments , the method may further include 

According to example embodiments of inventive con - forming a plurality of second dummy channel structures . 
cepts , a method of fabricating a semiconductor memory The forming a plurality of second dummy channel structures 
device may include forming a mold structure on a cell region may include the forming the second dummy channel struc 
of a substrate , the mold structure including insulating layers 45 ture . The forming a plurality of second dummy channel 
and sacrificial layers that are alternately and repeatedly structures may include forming the plurality of the second 
stacked on the cell region , the substrate including the cell dummy channel structures arranged in a direction , and 
region , a peripheral region , and a boundary region between forming the second dummy channel structures such that 
the cell region and the peripheral region , the cell region each of the second dummy channel structures has one of a 
including a cell array region and a connection region ; 50 circular shape and an oval shape . 
forming a mold insulating layer on the connection region , In example embodiments , the method may further include 
the boundary region , and peripheral region , the mold insu - forming a plurality of second dummy channel structures . 
lating layer covering a portion of the mold structure ; form - The forming a plurality of second dummy channel structures 
ing a cell channel structure penetrating the mold structure on may include the forming the second dummy channel struc 
the cell region , the cell channel structure including a first 55 ture . The forming a plurality of second dummy channel 
semiconductor pattern contacting the substrate and a first structures may include forming the plurality of second 
channel pattern on the first semiconductor pattern , the first dummy channel structures arranged in a direction . Each of 
channel pattern contacting the first semiconductor pattern ; the second dummy channel structures may have a bar shape . 
forming first dummy channel structures penetrating the mold In example embodiments , the method may further include 
insulating layer and the mold structure on the connection 60 forming a peripheral circuit device on the peripheral region 
region , each of the first dummy channel structures including and forming a peripheral protection layer covering the 
a second semiconductor pattern contacting the substrate and peripheral circuit device . The forming a peripheral circuit 
a second channel pattern on the second semiconductor device may include forming a peripheral gate insulating 
pattern , the second channel pattern contacting the second layer on the substrate , forming a peripheral gate electrode on 
semiconductor pattern ; and forming a second dummy chan - 65 the peripheral gate insulating layer , and forming source / 
nel structure penetrating the mold insulating layer on the drain regions in the substrate adjacent to both sidewalls of 
boundary region . The second dummy channel structure the peripheral gate electrode . The forming a mold insulating 



US 9 , 893 , 082 B2 
layer may include forming the mold insulating layer such BRIEF DESCRIPTION OF THE DRAWINGS 
that the mold insulating layer covers the peripheral protec 
tion layer . Example embodiments will be more clearly understood 

In example embodiments the method may further include from the following brief description taken in conjunction 
forming a gate dielectric layer contacting sidewalls of the 5 with the accompanying drawings . The accompanying draw 
first and second semiconductor patterns . The gate dielectric ings represent non - limiting , example embodiments as 
layer may not be adjacent to a sidewall of the third semi - described herein . The drawings are not necessarily to scale , 
conductor pattern . emphasis instead being placed upon illustrating principles of 

In example embodiments , the method may further include inventive concepts . In the drawings : 
forming gate electrodes , forming a trench penetrating the the 10 FIG . 1 is a schematic plan view illustrating a semicon 
mold structure , forming openings by selectively removing ductor memory device according to example embodiments 
the sacrificial layers of the mold structure exposed by the of inventive concepts . 

FIGS . 2A through 2C are enlarged views of a AR portion trench , forming a gate conductive layer in the openings , and of FIG . 1 and schematic plan views to illustrate a semicon patterning the gate conductive layer . 15 ductor memory device according to example embodiments According to example embodiments , a semiconductor of inventive concepts . memory device may include a substrate including a cell FIGS . 3 through 5 are sectional views to illustrate a 
region including a cell array region and a connection region , semiconductor memory device according to example 
a peripheral region spaced apart from the cell region , and a embodiments of inventive concepts . FIG . 3 is a sectional 
boundary region between the cell region and the peripheral 20 view taken along line I - I ' of FIG . 2 , and FIGS . 4 and 5 are 
region ; a stack on the cell region ; and a plurality of channel sectional views taken along line II - II ' of FIG . 2 . 
structures spaced apart from each other on the substrate . The FIGS . 6A through 6C are enlarged sectional views of a 
stack may include gate electrodes and insulating layers that portion A1 of FIG . 3 , a portion A2 of FIG . 4 , and a portion 
are alternately and repeatedly stacked on each other on the A3 of FIG . 4 , respectively . 
substrate . The plurality of channel structures may each 25 FIGS . 7A through 7D are schematic plan views to illus 
include a channel pattern on top of a semiconductor pattern . trate a semiconductor memory device according to example 
The plurality of channel structures may include cell channel embodiments of inventive concepts . 
structures on the cell array region . The cell channel struc - FIGS . 8A through 18A and FIGS . 8B through 18B are 
tures may extend vertically through the stack . A bottom of sectional views illustrating a method for fabricating a semi 
the channel pattern of the cell channel structures may be 30 conductor memory device according to example embodi 
spaced apart from a surface of the substrate by a first height . ments of inventive concepts . FIGS . 8A through 18A are 
The plurality of channel structures may include a dummy sectional views corresponding to line I - I ' of FIG . 2 , and 
channel structure on the boundary region . A bottom of the FIGS . 8B through 18B are sectional views corresponding to 
channel pattern of the dummy channel structure may be line II - II ' of FIG . 2 . 
spaced apart from the surface of the substrate by a second 35 FIGS . 19A through 19C are enlarged sectional views of a 
height that is less than the first height . portion B1 of FIG . 12A , a portion B2 of FIG . 12B , and a 

In example embodiments , some of the plurality of channel portion B3 of FIG . 12B , respectively . 
structures may include gate dielectric layers contacting FIG . 20 is a schematic block diagram illustrating an 
sidewalls of the semiconductor patterns . Some of the gate example of memory systems including a memory device 
dielectric layers may contact sidewalls of the semiconductor 40 according to example embodiments of inventive concepts . 
patterns of the cell channel structures . None of the gate FIG . 21 is a schematic block diagram illustrating an 
dielectric layers may be adjacent to a sidewall of the example of electronic systems including a semiconductor 
semiconductor pattern of the dummy channel structure . memory device according to example embodiments of 

In example embodiments , the plurality of channel struc - inventive concepts . 
ture may include at least one first dummy channel structure 45 
on the connection region . The dummy channel structure on DETAILED DESCRIPTION 
the boundary region may be a second dummy channel 
structure . The semiconductor patterns of the cell channel Example embodiments of inventive concepts will now be 
structures may extend from the surface of the substrate to the described more fully with reference to the accompanying 
first height . The semiconductor patterns of the second 50 drawings , in which some example embodiments are shown . 
dummy channel structure may extend from the surface of the Example embodiments of inventive concepts may , however , 
substrate to the second height . The semiconductor pattern of be embodied in many different forms and should not be 
one first dummy channel structure of the at least one first construed as being limited to the embodiments set forth 
dummy channel structure may extend from the surface of the herein ; rather , these embodiments are provided so that this 
substrate to a height that is between the first height and the 55 disclosure will be thorough and complete , and will fully 
second height . convey the scope of inventive concepts to those of ordinary 

In example embodiments , the device may include a mold skill in the art . In the drawings , the thicknesses of layers and 
insulating layer covering an edge part of the stack and the regions are exaggerated for clarity . Like reference numerals 
boundary region . The dummy channel structure may pen in the drawings denote like elements , and thus their descrip 
etrate the mold insulating layer . The cell channel structures 60 tion may be omitted . 
may be arranged so they do not penetrate the mold insulating It will be understood that when an element is referred to 
layer . as being " connected ” or “ coupled ” to another element , it can 

In example embodiments , the device may further include be directly connected or coupled to the other element or 
bit lines connected to the cell channel structures . The intervening elements may be present . In contrast , when an 
plurality of channel structures may include data storing 65 element is referred to as being " directly connected ” or 
patterns surrounding the channel patterns of the plurality of " directly coupled ” to another element , there are no inter 
channel structures . vening elements present . Like numbers indicate like ele 
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ments throughout . As used herein the term “ and / or ” includes that is consistent with their meaning in the context of the 
any and all combinations of one or more of the associated relevant art and will not be interpreted in an idealized or 
listed items . Other words used to describe the relationship overly formal sense unless expressly so defined herein . 
between elements or layers should be interpreted in a like Although corresponding plan views and / or perspective 
fashion ( e . g . , “ between ” versus " directly between , " " adja - 5 views of some cross - sectional view ( s ) may not be shown , 
cent ” versus " directly adjacent , " " on " versus " directly on ” ) . the cross - sectional view ( s ) of device structures illustrated 

It will be understood that , although the terms “ first ” , herein provide support for a plurality of device structures 
" second " , etc . may be used herein to describe various that extend along two different directions as would be 
elements , components , regions , layers and / or sections , these illustrated in a plan view , and / or in three different directions 
elements , components , regions , layers and / or sections 10 as would be illustrated in a perspective view . The two 
should not be limited by these terms . These terms are only different directions may or may not be orthogonal to each 
used to distinguish one element , component , region , layer or other . The three different directions may include a third 
section from another element , component , region , layer or direction that may be orthogonal to the two different direc 
section . Thus , a first element , component , region , layer or tions . The plurality of device structures may be integrated in 
section discussed below could be termed a second element , 15 a same electronic device . For example , when a device 
component , region , layer or section without departing from structure ( e . g . , a memory cell structure or a transistor 
the teachings of example embodiments . structure ) is illustrated in a cross - sectional view , an elec 

Spatially relative terms , such as “ beneath , ” “ below , " tronic device may include a plurality of the device structures 
“ lower , " " above , " " upper ” and the like , may be used herein ( e . g . , memory cell structures or transistor structures ) , as 
for ease of description to describe one element or feature ' s 20 would be illustrated by a plan view of the electronic device . 
relationship to another element ( s ) or feature ( s ) as illustrated The plurality of device structures may be arranged in an 
in the figures . It will be understood that the spatially relative array and / or in a two - dimensional pattern . 
terms are intended to encompass different orientations of the Hereinafter , example embodiments of inventive concepts 
device in use or operation in addition to the orientation will be described in detail with reference to accompanying 
depicted in the figures . For example , if the device in the 25 drawings . 
figures is turned over , elements described as “ below ” or FIG . 1 is a schematic plan view illustrating a semicon 
" beneath ” other elements or features would then be oriented ductor memory device according to example embodiments 
" above ” the other elements or features . Thus , the exemplary of inventive concepts . 
term " below ” can encompass both an orientation of above Referring to FIG . 1 , according to example embodiments 
and below . The device may be otherwise oriented ( rotated 90 30 of inventive concepts , a cell region CR may be disposed in 
degrees or at other orientations ) and the spatially relative a central region of a semiconductor memory device . The cell 
descriptors used herein interpreted accordingly . region CR may include a cell array region CAA and a 

The terminology used herein is for the purpose of describ - connection region CTA . Memory cells may be arranged in 
ing particular embodiments only and is not intended to be arrays in the cell array region CAA . 
limiting of example embodiments . As used herein , the 35 Gate contacts in contact with gate electrodes ( or word 
singular forms “ a , " " an ” and “ the ” are intended to include lines ) may be disposed in the connection region CTA . A 
the plural forms as well , unless the context clearly indicates peripheral region PR may be disposed around the cell region 
otherwise . It will be further understood that the terms CR . Peripheral circuits controlling or operating the memory 
" comprises ” , “ comprising ” , “ includes ” and / or " including , " cells may be disposed in the peripheral region PR . For 
if used herein , specify the presence of stated features , 40 example , the peripheral circuits may include a row decoder 
integers , steps , operations , elements and / or components , but or a sense amplifier . A boundary region BR may be disposed 
do not preclude the presence or addition of one or more other between the cell region CR and the peripheral region PR . 
features , integers , steps , operations , elements , components For example , the boundary region BR may be disposed 
and / or groups thereof . between the connection region CTA and the peripheral 

Example embodiments of inventive concepts are 45 region PR . 
described herein with reference to cross - sectional illustra - FIGS . 2A through 2C are enlarged views of a AR portion 
tions that are schematic illustrations of idealized embodi - of FIG . 1 and schematic plan views to illustrate a semicon 
ments ( and intermediate structures ) of example embodi - ductor memory device according to example embodiments 
ments . As such , variations from the shapes of the of inventive concepts . FIGS . 3 through 5 are sectional views 
illustrations as a result , for example , of manufacturing 50 to illustrate a semiconductor memory device according to 
techniques and / or tolerances , are to be expected . Thus , example embodiments of inventive concepts . FIG . 3 is a 
example embodiments of inventive concepts should not be sectional view taken along line 1 - I ' of FIG . 2 , and FIGS . 4 
construed as limited to the particular shapes of regions and 5 are sectional views taken along line II - II ' of FIG . 2 . 
illustrated herein but are to include deviations in shapes that FIGS . 6A through 6C are enlarged sectional views of a 
result , for example , from manufacturing . For example , an 55 portion Al of FIG . 3 , a portion A2 of FIG . 4 and a portion 
etched region or an implanted region illustrated as a rect - A3 of FIG . 4 , respectively . FIGS . 7A through 7D are 
angle may have rounded or curved features . Thus , the schematic plan views to illustrate a semiconductor memory 
regions illustrated in the figures are schematic in nature and device according to example embodiments of inventive 
their shapes are not intended to illustrate the actual shape of concepts . 
a region of a device and are not intended to limit the scope 60 Referring to FIGS . 2A , 3 through 5 , according to example 
of example embodiments . embodiments of inventive concepts , a semiconductor 

Unless otherwise defined , all terms ( including technical memory device may include stacks 30 on a substrate 100 , 
and scientific terms ) used herein have the same meaning as cell channel structures 200a penetrating each stack 30 , a 
commonly understood by one of ordinary skill in the art to common source region 152 in the substrate 100 between 
which example embodiments belong . It will be further 65 stacks 30 , first and second dummy channel structures 2006 , 
understood that terms , such as those defined in commonly - 200c spaced apart from the cell channel structures 200a , and 
used dictionaries , should be interpreted as having a meaning at least one peripheral circuit device PT . The substrate 100 
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may include the cell region CR that includes the cell array example , silicon oxide . In example embodiments , Each of 
region CAA and the connection region CTA adjacent to the the insulating layers 110 may include or be formed of , for 
cell array region CAA , the peripheral region PR spaced apart example , silicon nitride 
from the cell region CR , and the boundary region BR Each of the gate electrodes GE may include a conductive 
provided between the cell region CR and the peripheral 5 material . For example , each of gate electrodes GE may 
region PR . include or be formed of at least one of a semiconductor 

The substrate 100 may be formed of or include a semi layer , a metal silicide layer , a metal layer , a metal nitride 
conductor material . For example , the substrate 100 may be layer , and / or any combination thereof . In example embodi 
a single - crystalline silicon wafer , a single - crystalline ger ments , the semiconductor layer for gate electrodes GE may 
manium wafer , or a single - crystalline silicon - germanium 10 be a doped silicon layer . The metal silicide layer for gate 
wafer . In example embodiments , the substrate 100 may be electrodes GE may include at least one of cobalt silicide , 
SOI ( Semiconductor on Insulator ) wafer . For example , the titanium silicide , tungsten silicide , or tantalum silicide . The 
substrate 100 may include a semiconductor substrate , an metal layer for the gate electrodes GE may include at least 
insulating layer that is disposed on the semiconductor sub - one of tungsten , nickel , cobalt , titanium , or tantalum . The 
strate to cover transistors provided on the semiconductor 15 metal nitride layer for the gate electrodes GE may include at 
substrate , and a semiconductor layer ( e . g . , a silicon layer , a least one of titanium nitride , tungsten nitride , or tantalum 
silicon - germanium layer , or a germanium layer ) disposed on nitride . 
the insulating layer . The substrate 100 may be , for example , In example embodiments , the three - dimensional semicon 
a p - type semiconductor substrate , but example embodiments ductor memory device may be a three - dimensional NAND 
of inventive concepts may not be limited thereto . Further , 20 FLASH memory device , and in this case , the gate electrodes 
the substrate 100 may include a well region ( not shown ) . GE may be used as control gate electrodes of memory cells . 

The peripheral circuit device PT may be disposed on the For example , the gate electrodes GE2 , except for the upper 
peripheral region PR . The peripheral circuit device PT may most and lowermost ones of the gate electrodes GE3 , GE1 , 
include a peripheral gate insulating layer 101 , a peripheral may be used as the control gate electrodes and word lines 
gate electrode 103 on the peripheral gate insulating layer 25 connecting the control gate electrodes horizontally to each 
101 , and source / drain regions 107 adjacent to both sidewalls other . The gate electrodes GE may be coupled with the cell 
of the peripheral gate electrode 103 . The peripheral gate channel structures 200a to constitute the memory cells . 
insulating layer 101 may be disposed on the substrate 100 , Accordingly , vertical memory cell strings , each of which 
and may include or be formed of oxide material ( e . g . , silicon includes vertically - stacked memory cells , may be provided 
oxide ) , high - k dielectric material , or a combination thereof . 30 on the cell array region CAA . The lowermost and uppermost 
The peripheral gate electrode 103 may be formed of or gate electrodes GE1 , GE3 may be used as gate electrodes of 
include , for example , silicon ( e . g . , polysilicon ) , metal sili - selection transistors SST , GST . For example , the uppermost 
cides ( e . g . , tungsten silicide ( WSi ) , nickel silicide ( NiSi ) , gate electrode GE3 may serve as a gate electrode of a string 
cobalt silicide ( CoSi ) , titanium silicide ( TiSi ) , or tantalum selection transistor SST for controlling electric connection 
silicide ( TaSi ) ) , metals ( e . g . , tungsten or aluminum ) , or any 35 between a bit line BL and the cell channel structures 200a , 
combination thereof . Peripheral gate spacers 105 may be and the lowermost gate electrode GE1 may serve as a gate 
formed on both sidewalls of the peripheral gate electrode electrode of a ground selection transistor GST for control 
103 . Source / drain regions 107 may be disposed in the ling electric connection between the common source region 
substrate 100 , and may include N - type impurities ( e . g . , 152 and the cell channel structures 200a . 
phosphorous ( P ) ) or P - type impurities ( e . g . , boron ( B ) ) . The 40 Each of the stacks 30 may have an edge part 30e formed 
peripheral circuit device PT may be , for example , a high in a stepwise structure . For example , on the connection 
voltage transistor or a low voltage transistor . A peripheral region CTA , each of gate electrodes GE may have a pad part 
protection layer 109 may be disposed on the peripheral GEP extending in the first direction D1 from the cell array 
region PR to cover the peripheral circuit device PT . The region CAA . In example embodiments , a vertical height of 
peripheral protection layer 109 may include or be formed of 45 the edge part 30e of each of the stacks 30 may decrease 
silicon oxide or silicon nitride . stepwise in a direction away from the cell array region CAA . 

The stacks 30 may be disposed on the cell region CR . For That is , a horizontal length of the gate electrodes GE in the 
example , stacks 30 may extend from the cell array region first direction D1 may decrease in a direction away from the 
CAA to the connection region CTA in a first direction D1 . substrate 100 . A mold insulating layer 118 may be disposed 
The stacks 30 may be disposed to be spaced apart from one 50 on the connection region CAA , the boundary region BR , and 
another in a second direction D2 across the first direction the peripheral region PR to cover the stacks 30 . For example , 
D1 . For example , the stacks 30 may be isolated from one the mold insulating layer 118 may cover the edge parts 30e 
another in the second direction D2 by a trench 150 extending of the stacks 30 ( e . g . , the pad parts GEP of the gate 
in the first direction D1 . The first and second directions D1 , electrodes GE ) . The mold insulating layer 118 may be 
D2 may be parallel to , for example , the main surface of the 55 substantially in contact with the substrate 100 on the bound 
substrate 100 . ary region BR . The mold insulation layer 118 may be 

Each of the stacks 30 may include gate electrodes GE and disposed on the peripheral protection layer 109 and may 
insulating layers 110 that are alternately and repeatedly cover the peripheral circuit device PT . The mold insulation 
stacked on the substrate 100 . In each stack 400 , thicknesses layer 118 may include or be formed of oxide or low - k 
of some of the insulating layers 110 may be greater or less 60 dielectric material . 
than thicknesses of others of the insulating layers 110 . For T he cell channel structures 200a may be connected to the 
example , a lowermost insulating layer 110 - 1 may be thinner substrate 100 by passing through the stacks 30 . That is , the 
than the remaining ones of the insulating layers 110 . Further , cell channel structures 200a may penetrate the stacks 30 to 
a second insulating layer 110 - 2 from the substrate 100 or an be in contact with the substrate 100 and may extend in a third 
uppermost insulating layer 110 - 3 may be thicker than the 65 direction D3 perpendicular to the main surface of the 
remaining ones of the insulating layers 110 . Each of the substrate 100 . The third direction D3 may be orthogonal to 
insulating layers 110 may include or be formed of , for both of the first and second direction D1 , D2 . The cell 
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channel structures 200a may be surrounded by the stacks 30 . depth of each of the sidewall 126as of the first semiconduc 
For example , the cell channel structures 200a may be tor pattern 126a may be in a range from about 20 Å to about 
surrounded by the gate electrodes GE of each of the stacks 100 Å . 
30 . When viewed in plan view , the cell channel structures The first channel pattern 140a may be disposed on the first 
200a may be arranged to form a plurality of rows in the first 5 semiconductor pattern 126a and extend in the third direction 
direction D1 and a plurality of columns in the second D3 . The first channel pattern 140a may be in contact with the 
direction D2 . As shown in FIG . 2A , two rows of the cell first semiconductor pattern 126a . The first channel pattern 
channel structures 200a that are arranged in a zigzag form in 140a may be disposed between the first data storing pattern 

130a and the first insulating gap - filling pattern 144a . The the first direction D1 may be repeatedly arranged along the 
second direction D2 . That is , two rows of the cell channel 10 first channel pattern 140a may have a top - open structure . In 
structures 200a may penetrate each of the stacks 30 . In example embodiments , the first channel pattern 140a may be 

a top - and bottom - open structure , a hollow cylindrical example embodiments , one row or more than three rows of structure , or a macaroni - shaped structure . In example the cell channel structures 200a that are arranged in a zigzag embodiments , the first channel pattern 140a may be pro 
form in the first direction D1 may be repeatedly arranged 15 vided in the form of a solid pillar , and in this case , the first 
along the second direction D2 . insulating gap - filling pattern 144a may not be provided in 

Each of the cell channel structures 200a may include a the cell channel structure 2009 . The first channel pattern 
first semiconductor pattern 126a , a first channel pattern 140a may include or be formed of a poly - crystalline , amor 
140a , and a first data storing pattern 130a . Further , each of phous , or single - crystalline semiconductor material . The 
the cell channel structures 200a may include a first insulat - 20 first channel pattern 140a may include at least one of silicon 
ing gap - filling pattern 144a . The first channel pattern 140a , ( Si ) , germanium ( Ge ) , silicon germanium ( SiGe ) , gallium 
and a first data storing pattern 130a , and the first insulating arsenic ( GaAs ) , indium gallium arsenic ( InGaAs ) , alumi 
gap - filling pattern 144a may be disposed on the first semi - num gallium arsenic ( AlGaAs ) , and / or a combination 
conductor pattern 126a . thereof . The first channel pattern 140a may include an 

The first semiconductor pattern 126a may be in direct 25 undoped semiconductor material or a doped semiconductor 
contact with the substrate 100 and extend into the substrate material having the same conductivity type as the substrate 
100 . For example , a portion of the first semiconductor 
pattern 126a may be buried in the substrate 100 and the other The first data storing pattern 130a may be disposed 
portion of the first semiconductor pattern 126a may be between each stack 30 and the first channel pattern 140a . 
protruded upwardly from a surface of the substrate 100 to 30 0 to 30 The first data storing pattern 130a may be disposed on the 
have a pillar shape . The first semiconductor pattern 126a first semiconductor pattern 126a and extend in the third 

direction D3 . The first data storing pattern 130a may be a may have a first height T1 that is a maximum height from the top - and bottom - open structure . The first data storing pattern surface of the substrate 100 to a top surface of the first 130a may include a thin layer in which data can be stored . semiconductor pattern 126a . The first height T1 may be may be 35 For example , the first data storing pattern 130a may be greater than a thickness of the lowermost gate electrode configured in such a way that data therein can be changed 
GE1 . For example , the top surface of the first semiconductor using a voltage difference between the cell channel structure 
pattern 126a may be positioned at a level higher than a top 200a and the gate electrodes GE or using a Fowler - Nord 
surface of the lowermost gate electrode GE1 . The top heim tunneling effect caused by such a voltage difference . 
surface of the first semiconductor pattern 126a may be 40 However , inventive concepts are not limited thereto . In 
positioned at a level lower than a top surface of the second example embodiments , the first data storage pattern 130a 
insulating layer 110 - 2 from the substrate 100 . The first may include a thin layer capable of storing data based on 
semiconductor pattern 126a may include or be formed of another operation principle ( e . g . , a thin layer used for a 
silicon . For example , the first semiconductor pattern 126a phase change memory device or a thin layer used for a 
may be an epitaxial pattern including or formed of single - 45 variable resistance memory device ) . 
crystalline silicon or poly - crystalline silicon . In example As shown in FIG . 6A , the first data storing pattern 130a 
embodiments , the first semiconductor pattern 126a may may include a first blocking insulating layer 132 adjacent to 
include or be formed of at least one of germanium ( Ge ) , the gate electrodes GE , a tunnel insulating layer 136 in 
silicon germanium ( SiGe ) , III - V compound semiconductor , contact with the first channel pattern 140a , and a charge 
II - VI compound semiconductor . For example , the first semi - 50 storing layer 134 therebetween . The tunnel insulating layer 
conductor pattern 126a may include or be formed of 136 may include or be formed of silicon oxide . The charge 
undoped semiconductor material , or semiconductor material storing layer 134 may be a trap insulating layer or an 
doped with dopants of which conductivity is the same as that insulating layer with conductive nano dots . The trap insu 
of the substrate 100 . lating layer may include or be formed of , for example , 
Agate dielectric layer 156 may be disposed on a sidewall 55 silicon nitride . The first blocking insulating layer 132 may 

126as of the first semiconductor pattern 126a . The gate include or be formed of silicon oxide and / or high - k dielec 
dielectric layer 156 may be disposed between the lowermost tric material ( e . g . , aluminum oxide or hafnium oxide ) . The 
gate electrode GE1 and the first semiconductor pattern 126a . first blocking insulating layer 132 may be provided in the 
The gate dielectric layer 156 may include or formed of form of a single layer or a plurality of layers . In example 
silicon oxide ( e . g . , thermal silicon oxide ) . The gate dielectric 60 embodiments , the first blocking insulating layer 132 may be 
layer 156 may have a convex shape . The gate dielectric layer a single layer made of silicon oxide . In example embodi 
156 may have a maximum thickness ranging from , for ments , the first blocking insulating layer 132 may be pro 
example , 40 Å to 200 Å . The first semiconductor pattern vided to have a multi - layered structure including an alumi 
126a may include the sidewall 126as of which a portion is num oxide layer and / or a hafnium oxide layer . 
concave . For example , a portion of the sidewall 126as of the 65 In addition , a second blocking insulating layer 158 may be 
first semiconductor pattern 126a may be concaved by the provided between the gate electrodes GE and the cell 
gate dielectric layer 156 . For example , a maximum concave channel structures 200a and between the insulating layers 
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110 and the gate electrodes GE . For example , the second The second semiconductor pattern 126b may be in direct 
blocking insulating layer 158 may include a portion inter contact with the substrate 100 and extend into the substrate 
posed between the gate electrodes GE and the cell channel 100 . For example , a portion of the second semiconductor 
structures 200a and another portion covering top and bottom pattern 126b may be buried in the substrate 100 and the other 
surfaces of the gate electrodes GE . The second blocking 5 portion of the second semiconductor pattern 126b may be 
insulating layer 158 may be provided in the form of a single protruded upwardly from a surface of the substrate 100 to layer or a plurality of layers . Furthermore , the second have a pillar shape . In example embodiments , some of the blocking insulating layer 158 may include or be formed of second semiconductor patterns 126b ( e . g . , the second semi high - k dielectric material ( e . g . , aluminum oxide or hafnium conductor patterns 126b closest to the boundary region BR ) oxide ) . In example embodiments , the formation of the 10 may be extended deeply into the substrate 100 . The second second blocking insulating layer 158 may be omitted . semiconductor patterns 126b may be disposed in lower The first insulating gap - filling pattern 144a may be dis 
posed on the first semiconductor pattern 126a and extend in portion of a corresponding one of the stacks 30 . 
the third direction D3 . The first insulating gap - filling pattern A top surface of the second semiconductor patterns 126b 
144a may be configured to fill an inner space of the first 15 may be positioned at a le her space of the first 15 may be positioned at a level higher than the top surface of 
channel pattern 140a . The first insulating gap - filling pattern the lowermost gate electrode GE1 . The top surface of the 
144a may include or be formed of silicon oxide or silicon second semiconductor patterns 126b may be positioned at a 
nitride . level lower than the top surface of the second insulating 

The first dummy channel structures 2006 may be disposed layer 110 - 2 from the substrate 100 . The second semicon 
on the connection region CTA , and the second dummy 20 ductor pattern 126b may include a first sub - semiconductor 
channel structures 200c may be disposed on the boundary pattern 126b - 1 and a second sub - semiconductor pattern 
region BR . The first and second dummy channel structures 1266 - 2 . The first sub - semiconductor pattern 1261 - 1 may be 
2006 , 200c may be inactive channel structures . closest to the boundary region BR ( e . g . , a third semicon 

The first dummy channel structures 200b may be disposed ductor pattern 126c ) , and may be farthest from the cell array 
on the substrate through the mold insulating layer 118 and 25 region CAA ( e . g . , the first semiconductor pattern 126a ) . The 
each of stacks 30 . Each of the first channel structures 2006 second sub - semiconductor pattern 126b - 2 may be closest to 
may pass through the stepwise edge part 30e of each of the the cell array region CAA ( e . g . , the first semiconductor 
stacks 30 . For example , each of the first dummy channel pattern 126a ) . The first sub - semiconductor pattern 126b - 1 
structures 200b may penetrate an end portion of the pad part may have a second height T2 that is a maximum height from 
GEP of a corresponding one of the gate electrodes GE , at 30 the substrate 100 to a top surface of the first sub - semicon 
least one gate electrode GE and at least one insulating layer ductor pattern 126b - 1 . The second sub - semiconductor pat 
110 disposed thereunder , and the mold insulating layer 118 tern 126b - 2 may have a third height T3 that is a maximum 
disposed thereon . In example embodiments , the first dummy height from the substrate 100 to a top surface of the second 
channel structures 2005 , which are closest to the cell array sub - semiconductor pattern 1266 - 2 . The second and third 
region CAA , may penetrate the mold insulating layer 118 , an 35 heights T2 , T3 may be greater than the thickness of the 
end portion of the pad part GEP of the uppermost gate lowermost gate electrode GE1 . The third height T3 may be 
electrode GE3 , the gate electrodes GE below the uppermost substantially equal to the first height T1 of the first semi 
gate electrode GE3 , and insulating layers 110 below the conductor pattern 126a . The second height T2 may be 
uppermost gate electrode GE3 , thereby being in contact with smaller than the first and third heights T1 , T3 . The second 
the substrate 100 . The first dummy channel structures 2006 , 40 semiconductor pattern 126b may include or be formed of the 
which are farthest from the cell array region CAA ( or closest same material as the first semiconductor pattern 126a . 
to the boundary region BR ) , may penetrate the mold insu - The gate dielectric layer 156 may be disposed on a 
lating layer 118 , an end portion of the pad part GEP of the sidewall 126bs of the second semiconductor pattern 126b . 
second gate electrode GE2 from the substrate 100 , the The gate dielectric layer 156 may be disposed between the 
second insulating layer 110 - 2 from the substrate 100 , the 45 lowermost gate electrode GE1 and the first semiconductor 
lowermost gate electrode GE1 , and the lowermost insulating pattern 126a . The gate dielectric layer 156 may include or 
layer 110 - 1 , thereby being in contact with the substrate 100 . formed of oxide ( e . g . , thermal silicon oxide ) . The gate 
In example embodiments , the first dummy channel struc - dielectric layer 156 may have a convex shape . The second 
tures 2005 , which are closest to the boundary region BR , semiconductor pattern 126b may include the sidewall 126bs 
may penetrate the mold insulating layer 118 , an end portion 50 of which a portion is concave . For example , a portion of the 
of the pad part GEP of the lowermost gate electrode GE1 , sidewall 126bs of the second semiconductor pattern 126b 
and the lowermost insulating layer 110 - 1 , thereby being in may be concaved by the gate dielectric layer 156 . For 
contact with the substrate 100 . In each of stacks 30 , the first example , a maximum concave depth of each of the sidewall 
dummy channel structures 2005 may be arranged to form 126bs of the second semiconductor pattern 126b may be in 
two rows parallel to the first direction D1 . However , inven - 55 a range from about 20 Å to about 100 Å . As result , the first 
tive concepts are not limited thereto . In example embodi - sub - semiconductor pattern 1261 - 1 of the second semicon 
ments , in each of the stacks , the first dummy channel ductor pattern 126b may have the top surface that is posi 
structures 200b may be arranged in one row or more than tioned at a higher level than a top surface of the first gate 
three rows in the first direction D1 . electrode GE1 . Thus , since the gate dielectric layer 156 may 

Each of the first dummy channel structures 2006 may 60 be properly formed without defects on the sidewall 126bs of 
include a second semiconductor pattern 126b , a second the first sub - semiconductor pattern 126b - 1 , improved insu 
channel pattern 140b , a second data storing pattern 130b , lation characteristics between the lowermost gate electrode 
and a second insulating gap - filling pattern 1446 . The second GE1 and the first sub - semiconductor pattern 126b - 1 may be 
channel pattern 140b , the second data storing pattern 130b , secured . Accordingly , leakage currents through the first 
and the second insulating gap - filling pattern 144b may be 65 sub - semiconductor pattern 126b - 1 may be limited ( and / or 
disposed on the second semiconductor pattern 126b and prevented ) , so a semiconductor device with a high reliability 
extend in the third direction D3 . may be embodied . 
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The second channel pattern 140b may be in contact with example embodiments , as shown in FIG . 7A , the second 

the second semiconductor pattern 126b . The second channel dummy channel structures 200c , each of which has a bar 
pattern 140b may be disposed between the second data shape ( or a linear shape ) in plan view , may be extended in 
storing pattern 130b and the second insulating gap - filling the second direction between the connection region CTA and 
pattern 144b . The second channel pattern 140b may include 5 the peripheral region PR . For example , each of the second 
or be formed of the same material as the first channel pattern dummy channel structures 200c may be spaced apart from 
140a . The second channel pattern 140b may have the the stacks 30 in the first direction D1 and may be extended 
substantially same structure or shape as the first channel in the second direction D2 . In example embodiments , as 
pattern 140a in sectional view . shown in FIGS . 7B and 7C , the second dummy channel 

The second data storing pattern 130b may be disposed 10 structures 200c may be disposed around the cell region CR . 
between the stack 30 and the second channel pattern 140b For example , the second dummy channel structures 2000 
and between the mold insulation layer 118 and the second may be disposed between the connection region CTA and the 
channel pattern 140b . The second data storing pattern 130b peripheral region PR in the second direction D2 and between 
may include or be formed of the same materials as the first the cell region CR and the peripheral region PR in the first 
data storing pattern 130a . The second data storing pattern 15 direction Di , in plan view . In example embodiments , the 
130b may have the substantially same structure or shape as second dummy channel structure 200c may have a loop 
the first data storing pattern 130a in plan view . As shown in shaped structure in plan view as shown in FIG . 7D and may 
FIG . 6B , the second data storing pattern 130b may include surround structures on the cell region CR . 
a first blocking insulating layer 132 adjacent to the gate Each of the second dummy channel structures 200c may 
electrodes GE , a tunnel insulating layer 136 in contact with 20 include a third semiconductor pattern 126c , a third channel 
the second channel pattern 140b , and a charge storing layer pattern 140c , a third data storing pattern 130c , and a third 
134 therebetween . At least a portion of a side of the first insulating gap - filling pattern 144c . The third channel pattern 
blocking insulating layer 132 may be adjacent to the gate 140c , the third data storing pattern 130c , and the third 
electrodes GE , and at least a portion of other side of the first insulating gap - filling pattern 144c may be disposed on the 
blocking insulating layer 132 may be in contact with the 25 third semiconductor pattern 126c and extend in the third 
mold insulating layer 118 . direction D3 . 

In addition , the second blocking insulating layer 158 may The third semiconductor pattern 126c may be in direct 
disposed between the gate electrodes GE and the first contact with the substrate 100 and extend into the substrate 
dummy channel structures 2006 and between insulating 100 . For example , a portion of the third semiconductor 
layers 110 and the gate electrodes GE . In example embodi - 30 pattern 126b may be buried in the substrate 100 and the other 
ments , the formation of the second blocking insulating layer portion of the third semiconductor pattern 126c may be 
158 may be omitted . protruded upwardly from a surface of the substrate 100 to 

The second insulating gap - filling pattern 144b may be have a pillar shape . In example embodiments , some of the 
disposed on the second semiconductor pattern 126b and third semiconductor patterns 126c may be extended more 
extend in the third direction D3 . The second insulating 35 deeply than the first semiconductor pattern 126a into the 
gap - filling pattern 144b may be configured to fill an inner substrate 100 . The third semiconductor pattern 126c may 
space of the second channel pattern 140b . The second have a fourth height T4 that is a maximum height from the 
insulating gap - filling pattern 144b may include or be formed substrate 100 to a top surface of the third semiconductor 
of the same material as the first insulating gap - filling pattern pattern 126c . The fourth height T4 may be smaller than the 
144a . The second insulating gap - filling pattern 144b may 40 first height T1 of the first semiconductor pattern 126a and 
have the substantially same structure or shape as the first the second and third heights T2 , T3 of the second semicon 
insulating gap - filling pattern 144a in sectional view . The ductor pattern 126b . In example embodiments , the fourth 
second insulating gap - filling pattern 144b may include or be height T4 may be greater than the second height T2 and 
formed of silicon oxide or silicon nitride . smaller than the first and third heights T1 , T3 as shown in 

The second dummy channel structures 200c may be 45 FIG . 5 . The third semiconductor pattern 126c may include or 
penetrate the mold insulating layer 118 on the boundary be formed of the same material as the first and second 
region BR . The second dummy channel structures 200c may semiconductor patterns 126a , 126b . 
be in contact with the substrate 100 . When viewed in plan The gate dielectric layer 156 may not be disposed or not 
view , each of the second dummy channel structures 200C be formed on a sidewall 126cs of the third semiconductor 
may have a substantially circular or oval shape as shown in 50 pattern 126c . The sidewall 126cs of the third semiconductor 
FIG . 2A , or may have a bar shape ( or linear shape ) as shown pattern 126c may not have a concave portion . For example , 
in FIG . 2B . When viewed in plan view with reference to at least a portion of the sidewall 126cs of the third semi 
FIGS . 2A and 2B , the second dummy channel structures conductor pattern 126c may have a flat sectional profile . The 
200c may be arranged to form a column in the second third semiconductor pattern 126c may be in direct contact 
direction D2 . For example , the second dummy channel 55 with the mold insulating layer 118 . 
structures 200c may be spaced apart from the stacks 30 and Top surfaces of the first , second and third semiconductor 
may be arranged in a column in the second direction D2 . At patterns 126a , 126b , 126c may have various shapes , respec 
least one of the second dummy channel structures 200c may tively . For example , the top surfaces of the first , second and 
be disposed adjacent to a corresponding one of the stacks 30 . third semiconductor patterns 126a , 126b , 126c may have a 
In example embodiments , as shown in FIG . 2C , the second 60 flat shape , a shape slanted with respect to the substrate 100 , 
dummy channel structures 200c may be arranged to form or a shape like spire 
two columns in the second direction D2 . In this case , each The third channel pattern 140c may be in contact with the 
of the second dummy channel structures 200c may have a third semiconductor pattern 126c . The third channel pattern 
substantially circular or oval shape in plan view . However , 140c may be disposed between the third data storing pattern 
inventive concepts are not limited thereto , and the second 65 130c and the third insulating gap - filling pattern 144c . The 
dummy channel structures 200c may be arranged to form third channel pattern 140c may include or be formed of the 
more than three columns in the second direction D2 . In same material as the first and second channel pattern 140a , 
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1406 . The third channel pattern 140c may have the substan - A capping insulating layer 148 and a first interlayer 
tially same structure or shape as the first channel pattern insulating layer 170 may be provided on the stacks 30 and 
140a and / or the second channel pattern 140b in sectional the mold insulating layer 118 . The first interlayer insulating 
view . layer 170 may cover the common source plug 166 . Sub bit 

The third data storing pattern 130c may be disposed 5 line contacts 168 penetrating the first interlayer insulating 
between the mold insulating layer 118 and the third channel layer 170 and the capping insulating layer 148 may be 
pattern 140c . The third data storing pattern 130c may provided on the cell array region CAA to be in contact with 
include or be formed of the same materials as the first data the conductive pads 128 , respectively . Sub bit lines SBL 
storing pattern 130a and the second data storing pattern may be provided on the cell array region CAA to be in 
130b . The third data storing pattern 130c may have the 10 contact with the sub bit line contacts 168 , respectively . The 
substantially same structure or shape as the first data storing sub bit lines SBL may be provided on the first interlayer 
pattern 130a and the second data storing pattern 130b in insulating layer 170 and may electrically connect adjacent 
sectional view . As shown in FIG . 6C , the third data storing two cell channel structures 200a which are separated from 
pattern 130c may include a first blocking insulating layer each other by trench 150 . 
132 in contact with the mold insulating layer 118 , a tunnel 15 A second interlayer insulating layer 174 may be disposed 
insulating layer 136 in contact with the third channel pattern on the first interlayer insulating layer 170 to cover the sub bit 
140c , and a charge storing layer 134 therebetween . lines SBL . The capping insulating layer 148 and the first and 

The third insulating gap - filling pattern 144c may be second interlayer insulating layers 170 , 174 may include or 
disposed on the third semiconductor pattern 126c and extend be formed of , for example , silicon nitride , or silicon oxide . 
in the third direction D3 . The third insulating gap - filling 20 Gate contacts 180 may be provided on the connection 
pattern 144c may be configured to fill an inner space of the region CTA to be in contact with the pad parts GEP of the 
third channel pattern 140c . The third insulating gap - filling gate electrodes GE . The gate contacts 180 may penetrate the 
pattern 144c may include or be formed of the same material first and second interlayer insulating layers 170 , 174 , the 
as the first insulating gap - filling pattern 144a and the second capping insulating layer 148 , the mold insulating layer 118 , 
insulating gap - filling material 144b . The third insulating 25 and the second blocking insulating layer 158 . In example 
gap - filling pattern 144c may have the substantially same embodiments , the gate contacts 180 may penetrate the first 
structure or shape as the first insulating gap - filling pattern and second interlayer insulating layers 170 , 174 , the capping 
144a and the second insulating gap - filling pattern 144b in insulating layer 148 , the mold insulating layer 118 , the 
sectional view . insulating layer 110 , and the second blocking insulating 

Conductive pads 128 may be provided on the cell channel 30 layer 158 . A height of each of the gate contacts 180 may be 
structures 200a and the first and second dummy channel increased in a direction close to the boundary region BR . 
structures 2006 , 200c , respectively . Each of the conductive Peripheral contacts 182 may be provided on the peripheral 
pads 128 may include conductive material . Each of the region PR . The peripheral contacts 182 may penetrate the 
conductive pads 128 may include an impurity region doped first and second interlayer insulating layers 170 , 174 , the 
with dopants . In example embodiments , an end portion of 35 capping insulating layer 148 , and the peripheral protection 
the cell channel structure 200a in contact with the conduc layer 109 and may be in contact with at least the source / drain 
tive pad 128 may serve as a drain region . regions 107 of the peripheral circuit device PT 

The common source region 152 may be formed in the Bit lines BL , first and second interconnection layers Mi , 
substrate 100 exposed by the trench 150 separating the M2 may be disposed on the second interlayer insulating 
stacks 30 from each other in the second direction D2 . For 40 layer 174 . The bit lines BL may be provided on the cell array 
example , the common source region 152 may be disposed in region CAA , the first interconnection layer may be provided 
the substrate between the stacks 30 and may extend along on the connection region CTA , and the second interconnec 
the first direction D1 . The common source region 152 may tion layer may be provided on the peripheral region PR . The 
be doped with n - type dopants ( e . g . , arsenic ( As ) or phos bit lines BL may extend along the second direction D2 . Each 
phorus ( P ) ) . 45 bit line BL may be connected to a corresponding one of the 

A common source plug 166 may be provided in the trench sub bit lines SBL through a corresponding one of the sub bit 
150 and may be connected to the common source region line contacts 176 . As a result , the bit lines BL may be 
152 . The common source plug 166 may extend parallel to electrically connected to the cell channel structures 200a , 
the first direction D1 or the common source region 152 . An respectively . The first interconnection layers M1 may be 
insulating isolation spacer 162 may be provided between the 50 electrically connected to the gate contacts 180 , respectively . 
stacks 30 and the common source plug 166 . The insulating The first interconnection layers M1 may electrically connect 
isolation spacer 162 may be provided to cover the sidewalls the gate electrodes which are positioned at the same level , 
of the stacks 30 . In example embodiments , the insulating respectively . In example embodiments , the first interconnec 
isolation spacer 162 may be provided to fill a gap between tion layers M1 connecting to the lowermost gate electrodes 
adjacent ones of the stacks 30 , and the common source plug 55 GE may not be connected to one another . The second 
166 may be provided to penetrate the insulating isolation interconnection layers M2 may be electrically connected to 
spacer 162 and be in contact with a portion of the common the peripheral contacts 182 , respectively . The second inter 
source region 152 . The insulating isolation spacer 162 may connection layers M2 may be electrically connected to the 
include or be formed of at least one of silicon oxide , silicon first interconnection layer M1 and / or the bit lines BL . 
nitride , silicon oxynitride , or low - k material . The common 60 Each of sub bit line contacts 168 , each of the sub bit line 
source plug 166 may include or be formed of metal ( e . g . , SBL , each of bit line contacts 176 , each of the gate contacts 
tungsten , copper , or aluminum ) . The common source plug 180 , and each of the peripheral contacts 182 may include or 
166 may further include a barrier metal layer . For example , be formed of metallic material ( e . g . , tungsten , copper , or 
the barrier metal layer for the common source plug 166 may aluminum ) . In addition , Each of sub bit line contacts 168 , 
be include or be formed of at least one of transition metal 65 each of the sub bit lines SBL , each of bit line contacts 176 , 
( e . g . , titanium or tantalum ) and / or conductive metal nitride each of the gate contacts 180 , and each of the peripheral 
( e . g . , titanium nitride or tantalum nitride ) . contacts 182 may further include a barrier metal layer , which 
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may include or be formed of at least one of transition metal cobalt silicide ( CoSi ) , or titanium silicide ( TiSi ) , or tantalum 
( e . g . , titanium or tantalum ) and / or conductive metal nitride silicide ( TaSi ) ) , metal ( e . g . , tungsten or aluminum ) , and / or a 
( e . g . , titanium nitride or tantalum nitride ) . Each of the bit combination thereof . The peripheral protection layer 109 
lines BL and each of the first and second interconnection may be formed of or include , for example , silicon oxide or 
layers M1 , M2 may include or be formed of metallic 5 silicon nitride . 
material ( e . g . , aluminum or copper ) . The mold structure 10 may be formed on the cell region 

The first and second dummy channel structures 2006 , CR , boundary region BR and the peripheral protection layer 
200c may not be electrically connected to the bit lines BL 109 . The mold structure 10 may include the insulating layers and the first and second interconnection layers M1 , M2 . 110 and sacrificial layers 112 that are alternately and repeat 
Thus , the first and second dummy channel structures 2006 , 10 edly stacked on the substrate 100 . In other words , the mold 200c may be electrically isolated . structure 10 may include a plurality of insulating layers 110 FIGS . 8A through 18A and FIGS . 8B through 18B are and a plurality of sacrificial layers 112 . The sacrificial layers sectional views illustrating a method for fabricating a semi 112 may be formed of material having an etch selectivity conductor memory device according to example embodi 
me ents of inventive concepts . FIGS 8A through 18A are 15 with respect to the insulating layers 110 . For example , the 
sectional views corresponding to line I - I ' of FIG . 2 . and sacrificial layers 112 may be formed of material having 
FIGS . 8B through 18B are sectional views corresponding to much higher etch rate than the insulating layers 110 in a wet 
line II - II ' of FIG . 2 . FIGS . 19A through 19C are enlarged etching process using chemical etchants for removing the 
sectional views of a portion B1 of FIG . 12A , a portion B2 sacrificial layers 112 . For example , each of the insulating 
of FIG . 12B and a portion B3 of FIG . 12B , respectively . 20 layers 110 may be a silicon oxide layer , and each of the 

Referring to FIGS . 8A and 8B , a peripheral circuit device sacrificial layers 112 may be a silicon nitride layer . In 
PT and a mold structure 10 may be formed on the substrate example embodiments , each of the insulating layers 110 
100 . The substrate 100 may include a cell region CR may be a silicon oxide layer , and each of the sacrificial 
including a cell array region CAA and a connection region layers 112 may be formed of one of a silicon nitride layer , 
CTA , a peripheral region PR and a boundary region BR 25 a silicon carbide layer , a silicon layer , or a silicon germa 
between the connection region CTA and the peripheral nium layer . In example embodiments , each of the insulating 
region PR layers 110 may be formed of a silicon nitride layer , and each 

The substrate 100 may be formed of or include a semi - of the sacrificial layers 112 may be formed of one of the 
conductor material . For example , the substrate 100 may be silicon oxide layer , a silicon carbide layer , a silicon layer , or 
a single - crystalline silicon wafer , a single - crystalline ger - 30 a silicon germanium layer . 
manium wafer , or a single - crystalline silicon - germanium The insulating layers 110 and the sacrificial layers 112 
wafer . In example embodiments , the substrate 100 may be may be formed using a thermal chemical vapor deposition 
SOI ( Semiconductor on Insulator ) wafer . For example , the ( Thermal CVD ) process , a plasma enhanced CVD process , 
substrate 100 may include a semiconductor substrate , an or an atomic layer deposition ( ALD ) process . 
insulating layer that is disposed on the semiconductor sub - 35 The sacrificial layers 112 may be formed to have the 
strate to cover transistors provided on the semiconductor substantially same thickness . In example embodiments , a 
substrate , and a semiconductor layer ( e . g . , a silicon layer , a lowermost insulating layer 110 - 1 in contact with the sub 
silicon - germanium layer , germanium layer ) disposed on the strate 100 may be a silicon oxide layer formed by a thermal 
insulating layer . The substrate 100 may be , for example , a oxidation process or a deposition process and may be thinner 
semiconductor substrate with the first conductivity type 40 than the others of the insulating layers 110 provided thereon . 
( e . g . , p - type ) . A well region ( not shown ) may be formed in In example embodiments , a second insulating layer 110 - 2 
the substrate 100 . from the substrate 100 and an uppermost insulating layer 

The peripheral circuit device PT may be formed on the 110 - 3 may be formed to be thicker than the others of the 
peripheral region PR . The peripheral circuit device PT may insulating layers 110 or the sacrificial layers 112 . 
include the peripheral gate insulating layer 101 and the 45 Referring to FIGS . 9A and 9B , the mold structure 10 may 
peripheral gate electrode 103 that are stacked on the sub - be patterned to have a stepwise profile on the connection 
strate 100 and the source / drain regions 107 formed in the region CTA . In other words , the mold structure 10 may be 
substrate 100 adjacent to both sidewalls of the peripheral patterned to have an edge part 10e with stepwise structure . 
gate electrode 103 . Peripheral gate spacers 105 may be For example , the sacrificial layers 112 may have pad parts 
formed on both sidewalls of the peripheral gate electrode 50 112a which form a stepwise structure . A portion of each of 
103 . The formation of the peripheral circuit device PT may the pad parts 112a of the sacrificial layers 112 may be 
include , for example , sequentially forming the peripheral formed to be exposed . In example embodiments , the mold 
gate insulating layer 101 and the peripheral gate electrode structure 10 may be patterned to have a stepwise structure 
103 on the substrate 100 , and injecting impurities into the such that top surfaces of the pad parts 112a of the sacrificial 
substrate 100 adjacent to both sidewalls of the peripheral 55 layers 112 are covered by the insulating layers 110 and are 
gate electrode 103 to form the source / drain regions 107 . The not exposed . On the connection region CTA , a vertical 
peripheral circuit device PT may be formed to serve as , for height of the mold structure 10 may decrease stepwise in a 
example , a high or low voltage transistor . A peripheral direction away from the cell array region CAA . 
protection layer 109 may be formed on the substrate 100 to The mold insulating layer 118 may be formed on the 
cover the peripheral circuit device PT and expose the 60 connection region CTA , the boundary region BR , and the 
substrate 100 of the cell region CR and the boundary region peripheral region PR . The mold insulating layer 118 may 
BR . cover the edge part 10e of the mold structure 10 . The mold 

The peripheral gate insulating layer 101 may be formed of insulating layer 118 may cover the pad parts 112a of the 
or include oxide ( e . g . , silicon oxide ) or high - k dielectric sacrificial layers 112 . The mold insulating layer 118 may be 
material . The peripheral gate electrode 103 may be formed 65 in contact with the substrate 100 of the boundary region BR . 
of or include at least one of silicon ( e . g . , polysilicon ) , metal The mold insulating layer 118 may be formed of or include , 
silicide ( e . g . , tungsten silicide ( WSi ) , nickel silicide ( NiSi ) , for example , oxide or low - k dielectric material . 
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Referring to FIGS . 10A and 10B , first channel holes 120a , formed in the first , second and third channel holes 120a , 

second channel holes 120b and a third channel opening 1200 1205 , 120c , respectively . The first through third semicon 
may be formed on the cell array region CAA , the connection ductor patterns 126a , 126 , 126c may be in contact with the 
region CTA and the boundary region BR , respectively . substrate 100 . A portion of each of the first through third 
On the cell array region CAA , the first channel holes 120a 5 semiconductor patterns 126a , 126b , 126c may be buried in 

may be formed to penetrate the mold structure 10 and expose the substrate 100 and the other portion of each of the first 
the substrate 100 . For example , the first channel holes 120a through third semiconductor patterns 126a , 126b , 126c may 
may be formed by anisotropically etching the mold structure be protruded upwardly from a surface of the substrate 100 to 10 . When the first channel holes 120a may be formed , the have a pillar shape . The first and second semiconductor substrate 100 may be over - etched to be recessed . When 10 patterns 126a , 126b may have top surfaces which are viewed in plan view , the first channel holes 120a may be positioned at a level higher than a top surface of a lowermost formed to have the same arrangement as that of the cell one of sacrificial layers 112 and lower than a top surface of channel structures 200a of FIG . 2A the second insulating layer 110 - 2 from the semiconductor On the connection region CTA , the second channel holes 
120b may be formed to penetrate the mold insulating layer 15 he mold insulating laver 15 100 . Each of the top surfaces of the first through third 
118 and the edge part 10e and expose the substrate 100 . The semiconductor patterns 126a , 126b , 126c may have various 
second channel holes 120b may be formed by anisotropi shapes . For example , the top surfaces of the first , second and 
cally etching the mold insulating layer 118 and the mold third semiconductor patterns 126a , 126 , 126c may have a 
structure 10 . For example , the second channel holes 120b flat shape , a shape slanted with respect to the substrate 100 , 
may be formed by etching edge portion of the pad part 112a 20 or a shape like spire . 
of a corresponding one of the sacrificial layers 112 , at least Each of the first semiconductor patterns 126a may have a 
one of other sacrificial layers 112 under the corresponding first height T1 . The first height T1 may be a maximum height 
one of the sacrificial layers 112 , and at least one of the from the surface of the substrate 100 to the top surface of the 
insulating layers 110 under the corresponding one of the first semiconductor pattern 126a . The second semiconductor 
sacrificial layers 112 . When the second channel holes 120b 25 pattern 126b may include a first sub - semiconductor pattern 
may be formed , the substrate 100 may be over - etched to be 126b - 1 and a second sub - semiconductor pattern 1266 - 2 . The 
recessed . When viewed in plan view , the second channel first sub - semiconductor pattern 126b - 1 may be the closest to 
holes 120b may be formed to have the same arrangement as the boundary region BR ( e . g . , a third semiconductor pattern 
the first dummy channel structures 200b of FIG . 2A 126c ) , and may be farthest from the cell array region CAA On the boundary region BR , the third channel opening 30 su ( e . g . , the first semiconductor patterns 126a ) . The second 120c may formed by etching the mold insulating layer 118 , sub - semiconductor pattern 1266 - 2 may be closest to the cell and then the substrate 100 may be etched to be recessed . The 
third channel opening 120c may have a hole shape . The third array region CAA ( e . g . , the first semiconductor patterns 

126a ) . The first sub - semiconductor pattern 126b - 1 may have channel opening 120c may have , for example , a substan 
tially circular or oval shape in plan view . A plurality of the 35 a 25 a second height T2 that is a maximum height from the 
third channel openings 120c may be arranged to form a substrate 100 to a top surface of the first sub - semiconductor 
column parallel to the second direction D2 in the same pattern 126b - 1 . The second sub - semiconductor pattern 
arrangement as the second dummy channel structures 2000 1266 - 2 may have a third height T3 that is a maximum height 
of FIG . 2A . In example embodiments , a plurality of the third from the substrate 100 to a top surface of the second 
channel openings 120c may be arranged to form a plurality 40 sub - semiconductor pattern 1266 - 2 . The third semiconductor 
of columns parallel to the second direction D2 in the same pattern 126c may have a fourth height T4 . The fourth height 
as an arrangement of the second dummy channel structures T4 may be a maximum height from the surface of the 
200c of FIG . 2C . In example embodiments , a plurality of the semiconductor 100 to the top surface of the third semicon 
third channel openings 120c , each of which has the hole ductor substrate 126c . The fourth height T4 may be smaller 
shape , may be arranged along the first and second direction 45 than the first through third heights T1 , T2 , T3 . The third 
D1 , D2 to surround the cell region CR in the same arrange - height T3 may be substantially equal to the first height T1 . 
ment as the second dummy channel structures 200c of FIG . The second height T2 may be smaller than the first and third 
7B . In example embodiments , the third channel opening heights T1 , T3 . In example embodiments , the fourth height 
120c may have a trench shape ( or slit shape ) . For example , T4 may be greater than the second height T2 and smaller 
the third channel opening 120c may have a bar shape ( or a 50 than the first and third heights T1 , T3 as shown in FIG . 5 
linear shape ) in plan view . A plurality of the third channel The first through third semiconductor pattern 126a , 126b , 
openings 120c may be arranged to form a column parallel to 126c may formed by the same selective epitaxial growth 
the second direction D2 in the same arrangement as the process . Each of the first through third semiconductor pat 
second dummy channel structures 2000 of FIG . 2B . In terns 126a , 126b , 126c may be an epitaxial pattern including 
example embodiments , the third channel opening 120c 55 silicon . The first through third semiconductor pattern 126a , 
having the trench shape may be extended in the second 126b , 126c may be an epitaxial pattern formed of single 
direction D2 in the same arrangement as the second dummy crystalline silicon or poly - crystalline silicon . 
channel structure 200c of FIG . 7A . In example embodi The selective epitaxial growth process for formations of 
ments , the third channel openings 120c , each of which has the first through third semiconductor patterns 126a , 126b , 
the hole shape , may be extended in the first and second 60 126c may be performed using , for example , dichlorosilane 
direction D1 , D2 in the same arrangement as the second ( SiH , C1 , ) at a high temperature ranging from 700° C . to 
dummy channel structure 200c of FIG . 7C , and the third 1000° C . Thus , impurities ( e . g . , hydrogen , carbon , or nitro 
channel opening 120c may surround the cell region CR in gen ) generated from the mold insulating layer 118 may be 
the same loop shape as the second dummy channel structure outgassed through the third channel opening 112c . The first 
200c of FIG . 7D . 65 sub - semiconductor pattern 126b - 1 formed in the second 

Referring to FIGS . 11A and 11B , the first , second and channel holes 120b located closest to boundary region BR 
third semiconductor patterns 126a , 126 , 126c may be may be properly grown due to the third channel opening 
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120c . Thus , the first sub - semiconductor pattern 126b - 1 has be configured in such a way that data therein can be changed 
the top surface higher than the top surface of a lowermost using a Fowler - Nordheim tunneling effect caused by such a 
sacrificial layer 112 . voltage difference . However , inventive concepts are not 

Without the third channel opening 120c , an amount of limited thereto . In example embodiments , the first data 
impurities outgassing through the second channel holes 5 storage pattern 130a may include a thin layer capable of 
120b adjacent to the boundary region BR might be increased storing data based on another operation principle ( e . g . , a thin during the selective epitaxial growth process . Accordingly , a layer used for a phase change memory device or a thin layer growth of the second semiconductor pattern 126b adjacent adjacent used for a variable resistance memory device ) . to the boundary region BR may be suppressed . As a result , As illustrated in FIG . 19A , the first data storing pattern 
the top surface of the first sub - semiconductor pattern 126b - 1 10 130a may include a first blocking insulating layer 132 , a may be lower than the top surface of the lowermost sacri charge storing layer 134 , and a tunnel insulating layer 136 . ficial layer 112 . Therefore , a leakage current through the first For example , the first blocking insulating layer 132 , the sub - semiconductor 126b - 1 may be generated , and a reliabil 
ity of the semiconductor device may be deteriorated charge storing layer 134 and the tunnel insulating layer 136 

According to example embodiments of inventive con - 15 may be sequentially formed on the inner side surface of each 
cepts described above , since the third channel opening 120c of the first channel holes 120a . The first blocking insulating 
may serve as a path of outgassing the impurities from the layer 132 may be formed of or include a silicon oxide and / or 
mold insulating layer 118 , the second semiconductor pat - a high - k dielectric material ( e . g . , aluminum oxide or haf 
terns 126b ( e . g . , the first sub - semiconductor pattern 1266 - 1 ) nium oxide ) . The first blocking insulating layer 132 may be 
may be limited ( and / or prevented ) from the suppression of 20 provided in the form of a single layer or a plurality of layers . 
the growth . In example embodiments , the first blocking insulating layer 

In example embodiments , each of the first through third 132 may be a single layer made of silicon oxide . In example 
semiconductor patterns 126a , 26b , 126c may be formed of embodiments , the first blocking insulating layer 132 may be 
at least one of germanium ( Ge ) , silicon germanium ( SiGe ) , provided to have a multi - layered structure including an 
III - V compound semiconductor , II - VI compound semicon - 25 aluminum oxide layer and / or a hafnium oxide layer . 
ductor . Each of the first through third semiconductor pat - The charge storing laver 134 may be a trap insulating The charge storing layer 134 may be a trap insulating 
terns 1260 , 1205 , 126c may be formed of undoped semi - layer or an insulating layer with conductive nano dots . The 
conductor material , or semiconductor material doped with trap insulating layer may be formed of or include , for dopants of which conductivity is the same as that of the example , silicon nitride . The tunnel insulating layer 136 may 
substrate 100 . 30 formed of or include , for example , silicon oxide . The first Referring to FIGS . 12A , 12B , 19A , 19B , and 19C , cell blocking insulating layer 132 and the charge storing layer channel structures 200a , a first dummy channel structures 
200b and the second dummy channel structure 200c may be 134 may be formed using a plasma enhanced CVD process 
formed on the cell array region CAA , the connection region or an atomic layer deposition ( ALD ) process . The tunnel 
CTA and the boundary region BR , respectively . Each of the 35 " insulating layer 136 may be formed using a plasma 
cell channel structures 200a may be formed in a correspond enhanced CVD process , an atomic layer deposition ( ALD ) 
ing one of the first channel holes 120a , each of the first process , or a thermal oxidation process . The tunnel insulat 
dummy channel structures 2006 may be formed in a corre - ing layer 136 may be in contact with the first channel pattern 
sponding one of the second channel holes 120b and the 140a . 
second dummy channel structure 200c may be formed in the 40 The first channel pattern 140a may be in contact with the 
third channel opening 120c . The cell channel structures 200a first data storing pattern 130a and may be conformally 
may be arranged to form a plurality of rows parallel to the formed in each of the first channel holes 120a to be a linear 
first direction D1 and a plurality of columns parallel to the structure vertically standing on the first semiconductor pat 
second direction D2 as shown in FIG . 2A . tern 126a . The first channel pattern 140a may be in contact 

Each of the cell channel structures 200a may include a 45 with the first semiconductor pattern 126a . The first channel 
first semiconductor pattern 126a , a first channel pattern pattern 140a may have a top - open structure . In example 
140a , a first data storing pattern 130a , and the first insulating embodiments , the first channel pattern 140a may be a top 
gap - filling pattern 144a . The first data storing pattern 130a , and bottom - open structure , a hollow cylindrical structure , or 
the first channel pattern 140a , and the first insulating gap a macaroni - shaped structure . In example embodiments , the 
filling pattern 144a may be formed on the first semiconduc - 50 first channel pattern 140a may be provided in the form of a 
tor pattern 126a . For example , the first data storing pattern solid pillar , and in this case , the first insulating gap - filling 
130a , the first channel pattern 140a , and the first insulating pattern 144a may not be provided in each of the first channel 
gap - filling pattern 144a may be sequentially formed on an holes 120a . The first channel pattern 140a may be formed of 
inner side surface of each of the first channel holes 120a or include a poly - crystalline , amorphous , or single - crystal 
provided with the first semiconductor pattern 126a . 55 line semiconductor material . The first channel pattern 140a 

The first data storing pattern 130a may be formed to cover may be formed of or include at least one of silicon ( Si ) , 
the inner side surface of each of the first channel holes 120a . germanium ( Ge ) , silicon germanium ( SiGe ) , gallium arsenic 
For example , the first data storing pattern 130a may be ( GaAs ) , indium gallium arsenic ( InGaAs ) , aluminum gal 
formed in the form of a spacer on the inner side surface of lium arsenic ( AlGaAs ) , and / or a combination thereof . The 
each of the first channel holes 120a and may extend verti - 60 first channel pattern 140a may be formed of or include an 
cally on the first semiconductor pattern 126a . The first data undoped semiconductor material or a doped semiconductor 
storing pattern 130a may have a top - and bottom - open material having the same conductivity type as the substrate 
structure . The first data storing pattern 130 a may be in 100 . The first channel pattern 140a may be formed using an 
contact with the insulating layers 110 and the sacrificial ALD process , a CVD process , or an epitaxial growth pro 
layers 112 of the mold structure 10 . The first data storing 65 cess . 
pattern 130a may include a thin layer in which data can be The first insulating gap - filling pattern 144a may be 
stored . For example , the first data storing pattern 130a may formed to fill each of the first channel holes 124 provided 
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with the first channel pattern 140a . The first insulating conductor pattern 126c . The third data storing pattern 1300 
gap - filling pattern 144a may be formed of or include silicon may be in contact with the mold insulating layer 118 . The 
oxide or silicon nitride . third data storing pattern 130c may have the substantially 

Each of the first dummy channel structures 2006 may same structure or shape as the first and second data storing 
include a second semiconductor pattern 126b , a second 5 patterns 130a , 130b in sectional view . The third data storing 
channel pattern 140b , a second data storing pattern 130b , pattern 130c may include the same materials as the first and 
and a second insulating gap - filling pattern 144b . The second second data storing pattern 130a , 130b . For example , the 
data storing pattern 130b , the second channel pattern 140b , third data storing pattern 130c may include the first blocking 
and the second insulating gap - filling pattern 144b may be insulating layer 132 , the charge storing layer 134 , and the 
formed on the second semiconductor pattern 126b . For 10 tunnel insulating layer 136 which are sequentially formed on 
example , the second data storing pattern 130b , the second the inner side surface of the third channel opening 120c , as 
channel pattern 140b , and the second insulating gap - filling illustrated in FIG . 19C . The first through third data storing 
pattern 144b may be sequentially formed on the inner side patterns 130a , 130b , 130c may be formed using the same 
surface of each of the second channel holes 120b provided process . 
with the second semiconductor pattern 126b . 15 The third channel pattern 140c may be in contact with the 

The second data storing pattern 130b may be formed to third data storing pattern 130c and be conformally formed in 
cover the inner side surface of each of the second channel the third channel opening 120c to be a linear structure 
holes 120b . For example , the second data storing pattern vertically standing on the third semiconductor pattern 126c . 
130b may be formed in the form of a spacer in each of the The third channel pattern 140c may be in contact with the 
second channel holes 120b and may extend vertically on the 20 third semiconductor pattern 126c . The third channel pattern 
second semiconductor pattern 126b . The second data storing 140c may have the substantially same structure or shape as 
pattern 130b may have the substantially same structure or the first and second channel patterns 140a , 140b in sectional 
shape as the first data storing pattern 130a of the first view . The third channel pattern 140c may be formed of or 
channel structure 200a in sectional view . The second data include the same material as the first and second channel 
storing pattern 130b may include the same materials as the 25 patterns 140a , 1406 . The first through third channel patterns 
first data storing pattern 130a . For example , the second data 140a , 140 , 140c may be formed using the same process . 
storing pattern 130b may include the first blocking insulat - The third insulating gap - filling pattern 144c may be 
ing layer 132 , the charge storing layer 134 , and the tunnel formed to fill the third channel opening 120c provided with 
insulating layer 136 which are sequentially formed on the the third channel pattern 140c . The third insulating gap 
inner side surface of each of the second channel holes 1206 , 30 filling pattern 144c may have the substantially same struc 
as illustrated in FIG . 19B . ture or shape as the first and second insulating gap - filling 

The second channel pattern 140b may be in contact with patterns 144a , 144b in sectional view . The third insulating 
the second data storing pattern 130b and may be confor - gap - filling pattern 144c may be formed of or include the 
mally formed in each of the second channel holes 120b to be same material as the first and second insulating gap - filling 
a linear structure vertically standing on the second semicon - 35 patterns 144a , 144b . The first through third insulating gap 
ductor pattern 126b . The second channel pattern 140b may filling pattern 144a , 144b , 144c may be formed using the 
be in contact with the second semiconductor pattern 126b . same process . 
The second channel pattern 140b may have the substantially When viewed in plan view , the second dummy channel 
same structure or shape as the first channel pattern 140a in structure 200c may have a substantially circular shape or an 
sectional view . The second channel pattern 140b may be 40 oval shape as shown in FIG . 2A , or may have a bar shape ( or 
formed of or include the same material as the first channel linear shape ) as shown in FIG . 2B . When viewed in plan 
pattern 140a . The second insulating gap - filling pattern 1446 view with reference to FIGS . 2A and 2B , a plurality of the 
may be formed to fill each of the second channel holes 120 second dummy channel structures 200c may be arranged to 
provided with the second channel pattern 140b . The second form a column in the second direction D2 . For example , the 
insulating gap - filling pattern 144b may have the substan - 45 second dummy channel structures 200c may be spaced apart 
tially same structure or shape as the first insulating gap - from the mold structure 10 ( e . g . , stacks 30 of FIG . 16B ) and 
filling pattern 144a in sectional view . The second insulating may be arranged to form a column in the second direction 
gap - filling pattern 144b may be formed of or include the D2 . In example embodiments , as shown in FIG . 2C , the 
same material as the first insulating gap - filling pattern 144a . second dummy channel structures 200c may be arranged to 

Each of the second dummy channel structures 200c may 50 form two columns in the second direction D2 . In this case , 
include a third semiconductor pattern 126c , a third channel each of the second dummy channel structures 200c may 
pattern 140c , a third data storing pattern 130c , and a third have a substantially circular or oval shape in plan view . 
insulating gap - filling pattern 144c . The third data storing However , inventive concepts are not limited thereto , and the 
pattern 130c , the third channel pattern 140c , and the third second dummy channel structures 200c may be arranged to 
insulating gap - filling pattern 144c may be formed on the 55 form more than three columns in the second direction D2 . In 
third semiconductor pattern 126c . For example , the third example embodiments , as shown in FIG . 7A , the second 
data storing pattern 130c , the third channel pattern 140c , and dummy channel structures 200c , each of which has a bar 
the third insulating gap - filling pattern 144c may be sequen - shape ( or a linear shape ) in plan view , may be extended in 
tially formed on the inner side surface of the third channel the second direction between the connection region CTA and 
opening 120c provided with the third semiconductor pattern 60 the peripheral region PR . For example , each of the second 
126c . The second dummy channel structure 200c may be in dummy channel structures 200c may be spaced apart from 
contact with the mold insulating layer 118 . the mold structure 10 ( e . g . , the stacks 30 of FIG . 16B ) in the 

The third data storing pattern 130c may be formed to first direction D1 and may be extended in the second 
cover the inner side surface of the third channel opening direction D2 . In example embodiments , as shown in FIGS . 
120c . For example , the third data storing pattern 130c may 65 7B and 7C , the second dummy channel structures 200c may 
be formed in the form of a spacer in the third channel be disposed around the cell region CR . For example , the 
opening 120c and may extend vertically on the third semi - second dummy channel structures may be disposed between 
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the connection region CTA and the peripheral region PR in For example , the gate dielectric layer 156 may be formed by 
the second direction D2 and between the cell region CR and thermally oxidizing sidewalls 126as , 126bs of the first and 
the peripheral region PR in the first direction Di , in plan second semiconductor pattern 126a , 126b exposed by the 
view . In example embodiments , the second dummy channel openings 154 . The gate dielectric layer 156 may have a 
structure 200c may have a loop shaped structure in plan view 5 convex shape on the cell region CR and be formed properly 
as shown in FIG . 7D and may surround structures on the cell on the sidewalls 126as , 126bs of the first and second 
region CR . semiconductor pattern 126a , 126b . The gate dielectric layer 

Conductive pads 128 may be formed on the cell channel 156 may have a maximum thickness ranging for example , 
structures 200a , and the first and second dummy channel from 40 Å to 200 Å . Since the gate dielectric layer 156 may 
structures 2006 , 200c , respectively . In example embodi - 10 be formed by the thermal oxidation process , a portion of 
ments , the conductive pads 128 may not be formed on the each of the sidewalls 126as , 126bs of the first and second 
first and / or second dummy channel structures 2006 , 2000 semiconductor patterns 126a , 126b may be concave . For 
except for the cell channel structures 200a . Each of the example , a maximum concave depth of each of the sidewall 
conductive pads 128 may be formed of or include conduc - 126as of the first semiconductor pattern 126a and the 
tive material . Each of the conductive pads 128 may include 15 sidewall 126bs of the second semiconductor pattern 126b 
an impurity region doped with dopants . In example embodi - may be in a range from about 20 Å to about 100 Å . 
ments , an end portion of the cell channel structure 200a in The gate dielectric layer 156 may not be formed on a 
contact with the conductive pad 128 may serve as a drain sidewall 126cs of the third semiconductor pattern 126c in 
region . A capping insulating layer 148 may be formed on the contact with the mold insulating layer 118 , since the third 
mold structure 10 and mold insulating layer 118 to cover the 20 semiconductor pattern 126c may not be exposed by the 
conductive pads 128 . The capping insulating layer 148 may openings 150 . Thus , the sidewall 126cs of the third semi 
formed of or include oxide or nitride . conductor pattern may not have a concave portion . For 

Referring to FIGS . 13A and 13B , a trench 150 may be example , at least a portion of the sidewall 126cs of the third 
formed in the mold structure 10 on the cell region CR . The semiconductor pattern may have a flat sectional profile . 
trench 150 may be formed by patterning the mold structure 25 Referring to FIGS . 15A and 15B , a gate conductive layer 
10 in order to expose the substrate 100 . For example , as 159 may be formed on the substrate 100 to fill the openings 
illustrated in FIG . 2A , the trench 150 may be formed to 154 . The gate conductive layer 159 may be formed of or 
extend from the cell array region CAA to the connection include at least one of a semiconductor layer , a metal silicide 
region CTA in the first direction D1 . The trench 150 may be layer , a metal layer , a metal nitride layer , and / or a combi 
formed to form two rows of the cell channel structures 200a 30 nation thereof . In example embodiments , the semiconductor 
arranged in a zigzag form in the first direction D1 , as shown layer for the gate conductive layer 159 may be a doped 
in FIG . 2A . Thus , two rows of the cell channel structures silicon layer . The metal silicide layer for the gate conductive 
200a that are arranged in a zigzag form in the first direction layer 159 may be formed of or include cobalt silicide , 
D1 may be repeatedly arranged along the second direction titanium silicide , tungsten silicide , or tantalum silicide . The 
D2 . In example embodiments , one row or more than three 35 metal layer for the gate conductive layer 159 may be formed 
rows of the cell channel structures 200a that are arranged in of or include tungsten , nickel , cobalt , titanium , or tantalum . 
a zigzag form in the first direction D1 may be repeatedly The metal nitride layer for the gate conductive layer 159 
arranged along the second direction D2 . In addition , as may be formed of or include titanium nitride , tungsten 
shown in FIG . 2A , the trench 150 may be formed between nitride , or tantalum nitride . 
the first dummy channel structures 2006 in such way that the 40 second blocking insulating layer 158 may be formed in 
first dummy channel structures 2006 may be arranged to the openings 154 prior to the formation of the gate conduc 
form two rows parallel to the first direction D1 . In example tive layer 159 . Thus , the second blocking insulating layer 
embodiments , the trench 150 may be formed between the 158 may cover a top , bottom , and side surfaces of the gate 
first dummy channel structures 2006 in such way that the conductive layer 159 and be in contact with the first blocking 
first dummy channel structures 200b may be arranged to 45 insulating layer 132 . The second blocking insulating layer 
form one or more than three rows parallel to the first 158 may be formed in the form of a single layer or a plurality 
direction D1 . of layers . Furthermore , the second blocking insulating layer 

A common source region 152 may be formed in the 158 may be formed of or include a high - k dielectric material 
substrate 100 exposed by the trench 150 . For example , the ( e . g . , aluminum oxide or hafnium oxide ) . In example 
common source region 152 may be formed by injecting 50 embodiments , the formation of the second blocking insulat 
n - type impurities ( e . g . , phosphorus ( P ) or arsenic ( As ) ) in ing layer 158 may be omitted . 
the substrate 100 exposed by the trench 150 . Referring to FIGS . 16A and 16B , gate electrodes GE may 

Referring to FIGS . 14A and 14B , openings 154 may be be formed by patterning the gate conductive layer 159 . For 
formed in the mold structure 10 on the cell array region example , a portion of the gate conductive layer 159 formed 
CAA and the connection region CTA . For example , open - 55 in the trench 150 and on the capping insulating layer 148 
ings 154 may be formed by removing the sacrificial layers may be removed by performing an isotropic etching process , 
112 from the mold structure 10 exposed by the trench 150 . and thus the gate conductive layer 159 may be separated 
The formation of the openings 154 may include selectively from each other in the third direction D3 by the insulating 
removing the sacrificial layers 112 using an isotropic etching layers 110 to form the gate electrodes GE remaining in the 
technique . The openings 154 may be formed to expose a 60 openings 154 . The gate electrodes GE may extend from the 
portion of a sidewall of each of the cell channel structure cell array region CAA to the connection region CTA and 
200a and a portion of a sidewall of each of the first dummy have pad parts GEP with a stepwise structure . A horizontal 
channel structure 2006 . length of the gate electrodes GE may decrease in the third 
Agate dielectric layer 156 may be formed on a sidewall direction D3 away from the substrate 100 . 

126as of the first semiconductor pattern 126a and a sidewall 65 As a result , stacks 30 , each of which includes gate 
126bs of the second semiconductor pattern 126b . The gate electrodes GE and insulating layers 110 that are alternately 
dielectric layer 156 may be formed of , for example , oxide . and repeatedly stacked on the cell region CR , may be 
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formed . As illustrated in FIG . 2A , stacks 30 may be layer 170 and the capping insulating layer 148 and be in 
extended in a first direction D1 and be spaced apart from one contact with the conductive pads 128 . 
another in a second direction D2 by the trench 150 . The cell The formation of the sub bit line contacts 168 may include 
channel structures 200a may penetrate stacks 30 . The gate forming contact holes in the first interlayer insulating layer 
electrodes GE may surround the cell channel structures 5 170 and the capping insulating layer 148 to expose the 
200a . The first dummy channel structures 2006 may pen conductive pads 128 , depositing a conductive layer in the 
etrate a portion of the stacks 30 . As a result , the cell channel contact holes , and then planarizing the conductive layer . 
structures 200a and the first and dummy channel structures The sub bit lines SBL electrically connected to the sub bit 2006 may be arranged in each of stacks 30 as described with line contacts 168 may be formed on the first interlayer respect to FIGS . 2A and 2B . The gate electrodes GE may 10 insulating layer 170 . Each of the sub bit lines SBL may surround a portion of the first dummy channel structures 
2006 . Each of the stacks 30 may have an edge part 30e that connect a pair of sub bit line contacts 168 connected to a pair 

of the cell channel structures 200a that are opposed to each has a stepwise structure on the connection region CTA . The other in the second direction D2 and are separated from each second dummy channel structure 200c may be disposed to 
be spaced apart from the stacks 30 . In example embodi - 15 other by the trench 150 as illustrated in FIG . 2A . Each of the 
ments , at least one of the second dummy channel structures sub bit lines SBL may extend in the second direction D2 . 
200c may be disposed adjacent to a corresponding one of the Each of the sub bit lines SBL and each of the sub bit line 
stacks 30 . contacts 168 may be formed of conductive material ( e . g . , 

The gate electrodes GE may be coupled with the cell silicon , tungsten , or copper ) . In addition , each of the sub bit 
channel structures 200a to constitute memory cells . Vertical 20 lines SBL and each of the sub bit line contacts 168 may 
memory cell strings , each of which includes vertically further include barrier metal layer . which may be include or 
stacked memory cells , may be provided on the cell array formed of at least one of transition metal ( e . g . , titanium , or 
region CAA . Lowermost and uppermost gate electrodes tantalum ) and / or conductive metal nitride ( e . g . , titanium 
GE1 , GE2 may be used as gate electrodes for ground and nitride , or tantalum nitride ) 
string selection transistors GST , SST The gate electrodes 25 Referring to FIGS . 18A and 18B , the bit line contacts 176 
GE2 , except for the uppermost and lowermost gate elec - may be formed on the cell array region CAA . The gate 
trodes GE3 , GE1 , may be used as the control gate electrodes contacts 180 and first interconnection layers M1 may be 
of the memory cells . formed on the connection region CTA . The peripheral 

A common source plug 166 and an insulating isolation contacts 182 and second interconnection layers M2 may be 
spacer 162 may be formed on the common source region 152 30 formed on the peripheral region PR . 
to fill the trench 150 . The insulating isolation spacer 162 A second interlayer insulating layer 174 may be formed 
may formed to cover sidewalls of the gate electrodes GE and on the first interlayer insulating layer 170 to cover the sub bit 
separate the gate electrodes GE electrically from the com - lines SBL . The second interlayer insulating layer 174 may 
mon source plug 166 . The insulating isolation spacer 162 be formed of , oxide , low - k dielectric material , or nitride . The 
may be formed of at least one of silicon oxide , silicon 35 gate contacts 180 may be formed on the connection region 
nitride , silicon oxynitride , or low - k material . The common CTA to penetrate the second interlayer insulating layer 174 , 
source plug 166 may be formed in the trench 150 provided the first interlayer insulating layer 170 , the mold insulating 
with the insulating isolation spacer 162 to be electrically layer 118 , and the second blocking insulating layer 158 . In 
connected to the common source region 152 . The common example embodiments , the gate contacts 180 may be formed 
source plug 166 may extend parallel to the common source 40 on the connection region CTA to penetrate the second 
region 152 or the first direction D1 . In example embodi - interlayer insulating layer 174 , the first interlayer insulating 
ments , the common source plugs 166 may be formed to fill layer 170 , the mold insulating layer 118 , the insulating layer 
a hole that is formed in the insulation isolation spacer 162 , 110 , and the second blocking insulating layer 158 . Each of 
thus the common source plugs 166 may penetrate the the gate contacts 180 may be in contact with the pad part 
insulation isolation spacer 162 and be in contact with the 45 GEP of a corresponding one of the gate electrodes GE . A 
common source region 152 . The common source plug 166 height of each of the gate contacts 180 may increase in a 
may be formed of or include a metallic material ( e . g . , direction close to the boundary region BR in the first 
tungsten , copper or aluminum ) . In addition , the common direction D1 . 
source plug 166 may further include a barrier metal layer . The peripheral contacts 182 may be formed on the periph 
For example , the barrier metal layer for the common source 50 eral region PR to penetrate the second interlayer insulating 
plug 166 may be formed of or include at least one of layer 174 , the first interlayer insulating layer 170 , the mold 
transition metals ( e . g . , titanium or tantalum ) or conductive insulating layer 118 , and the peripheral protection layer 109 . 
metal nitrides ( e . g . , titanium nitride or tantalum nitride ) . In The peripheral contacts 182 may be in contact with the 
example embodiments , before forming the common source source / drain regions 107 of the peripheral circuit device PT . 
plug 166 , the common source region 152 may be heavily 55 Each of the gate contacts 180 and each of the peripheral 
doped with impurities ( e . g . , n - type impurities ) . contacts 182 may be formed of conductive material ( e . g . , 

Referring to FIGS . 17A and 17B , sub bit line contacts 168 silicon , tungsten , or copper ) . In addition , each of the gate 
and sub bit line SBL may be formed on the cell array region contacts 180 and each of the peripheral contacts 182 may 
CAA . The sub bit line contacts 168 may be formed to be include barrier metal layer , which may be include or formed 
electrically connected to the cell channel structures 200a , 60 of at least one of transition metal ( e . g . , titanium , or tantalum ) 
and the sub bit line SBL may be formed to be electrically to and / or conductive metal nitride ( e . g . , titanium nitride , or 
the sub bit line contacts 168 . tantalum nitride ) 

A first interlayer insulating layer 170 may be formed on Bit lines BL may be formed on the second interlayer 
the capping insulating layer 148 . The first interlayer insu - insulating layer 174 . The bit lines BL may be in contact with 
lating layer 170 may be formed of , for example , oxide , a 65 bit line contacts 176 which may be formed to penetrate the 
low - k dielectric material , or nitride . The sub bit line contacts second interlayer insulating layer 174 and to be in contact 
168 may be formed to penetrate the first interlayer insulating with the sub bit lines SBL . The bit lines BL may extend in 
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the second direction D2 , respectively . The bit lines BL may and in this case , the electronic system 2000 may stably store 
be electrically connected to the cell channel structures 200a . a large capacity of data . In certain embodiments , the 

The first interconnection layers M1 may be formed on the memory device 2300 may include the semiconductor 
connection region CTA to electrically connect the gate memory device according to example embodiments of the 
contacts 180 . The first interconnection layers Mi may 5 inventive concept . The electronic system 2000 may further 
electrically connect the gate electrodes GE which are posi - include an interface unit 2500 for transmitting or receiving 
tioned at the same level . In example embodiments , the first data to or from a communication network through a wireless interconnection layers M1 electrically connected to the or wired way . For example , the interface unit 2500 may lowermost gate electrodes GE may not be connected to each include an antenna for wireless communication or a trans other . 10 ceiver for wired communication . The second interconnection layers M2 may be formed on 
the peripheral region PR to be electrically connected to the According to example embodiments of the inventive 

concept , first semiconductor patterns of cell channel struc peripheral contacts 182 . The second interconnection layers 
M2 may be electrically connected to the first interconnection tures may be formed on a cell array region , second semi 
lavers M1 and / or the bit lines BL . The bit lines BL and the 15 conductor patterns of first dummy channel structures may be 
first and second interconnection layers M1 , M2 may be formed on a connection region , and third semiconductor 
formed of or include metal ( e . g . , aluminum , or copper ) pattern of second dummy channel structures may be formed 

The first and second dummy channel structures 2006 , on a boundary region . The first through third semiconductor 
200c may not be electrically connected to the bit lines BL patterns may be formed by epitaxial growth process . Growth 
and the first and second interconnection layers M1 , M2 . That 20 of the second semiconductor pattern closest to the third 
is , the first and second dummy channel structures 2006 , 200C semiconductor pattern may be less affected by impurities 
may be electrically isolated . outgassing from a mold insulating layer due to a channel 

FIG . 20 is a schematic block diagram illustrating an hole in which the third semiconductor pattern may be 
example of memory system including a semiconductor formed . That is , the channel hole for the third semiconductor 
memory device according to example embodiments of 25 pattern may serve as an outgassing path of the impurities 
inventive concepts . generated from the mold insulating layer . As a result , the 
Referring to FIG . 20 , a memory system 1000 may be second semiconductor pattern closest to the boundary region 

configured to store data in at least one semiconductor device . may be formed to have a top surface at a level higher than 
For example , the memory system 1000 may be provided in that of a lowermost one of gate electrodes stacked on a 
the form of a memory card or a solid state drive ( SSD ) . The 30 substrate . The gate dielectric layer may be properly formed 
memory system 1000 may include a controller 1200 and a on a sidewall of the second semiconductor pattern without 
memory device 1300 provided in a housing 1100 . The defects . Accordingly , isolation property between the second 
memory system 1000 may be configured to allow electric semiconductor pattern and the lowermost gate electrode may 
signals to be exchanged between the controller 1200 and the be secured , and thus a leakage current through the second 
memory device 1300 . For example , an operation of 35 semiconductor pattern may be limited ( and / or prevented ) . 
exchanging data between the memory device 1300 and the Therefore , it is possible to realize a semiconductor memory 
controller 1200 may be executed in response to commands device with improved reliability and increased integration 
from the controller 1200 . In other words , the memory density . 
system 1000 may be configured to store data in the memory It should be understood that example embodiments 
device 1300 or send data stored in the memory device 1300 40 described herein should be considered in a descriptive sense 
to the outside thereof . The memory device 1300 may include only and not for purposes of limitation . Descriptions of 
the semiconductor memory device according to example features or aspects within each device or method according 
embodiments of inventive concepts . to example embodiments should typically be considered as 

FIG . 21 is a schematic block diagram illustrating an available for other similar features or aspects in other 
example of electronic systems including a semiconductor 45 devices or methods according to example embodiments . 
memory device according to example embodiments of While some example embodiments of inventive concepts 
inventive concepts . have been particularly shown and described , it will be 

Referring to FIG . 21 , an electronic system 2000 may understood by one of ordinary skill in the art that variations 
include a controller 2200 , a memory device 2300 , and an in form and detail may be made therein without departing 
input - output device 2400 . The controller 2200 , the memory 50 from the spirit and scope of the attached claims . 
device 2300 , and the input - output device 2400 may be 
electrically coupled or connected to each other via a bus What is claimed is : 
2100 . The bus 2100 may correspond to a path through which 1 . A method of fabricating a semiconductor memory 
electrical signals or data are transmitted . The controller 2200 device , comprising : 
may include at least one of a microprocessor , a digital signal 55 forming a stack including gate electrodes and insulating 
processor , a microcontroller , or a logic device . The logic layers that are alternately and repeatedly stacked on a 
device may have a similar function to any one of the cell region of a substrate , 
microprocessor , the digital signal processor and the micro the substrate including the cell region , a peripheral region , 
controller . The input - output device 2400 may include at least and a boundary region between the cell region and the 
one of a keypad , a keyboard , or a display device . The 60 peripheral region ; 
memory device 2300 may store data and / or commands forming a cell channel structure penetrating the stack on 
executed by the controller 2200 . The memory device 2300 the cell region , 
may include a volatile memory device and / or a nonvolatile the cell channel structure including a first semiconductor 
memory device . For example , the memory device 2300 may pattern contacting the substrate and a first channel 
include a FLASH memory device . Alternatively , the 65 pattern on the first semiconductor pattern , 
memory device 2300 may include a solid state drive ( SSD ) the first channel pattern contacting the first semicon 
including , for example , at least one FLASH memory device , ductor pattern , 
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the first semiconductor pattern extending to a first forming a mold insulating layer on the connection region , 
height from a surface of the substrate to a top surface the boundary region , and the peripheral region , the 
of the first semiconductor pattern ; mold insulating layer covering a portion of the mold 

forming a mold insulating layer on the peripheral region structure ; 
and the boundary region ; and forming a cell channel structure penetrating the mold 

forming a first dummy channel structure penetrating the structure on the cell region , 
mold insulating layer on the boundary region , the cell channel structure including a first semiconductor 
the first dummy channel structure being spaced apart pattern contacting the substrate and a first channel 

from the stack , pattern on the first semiconductor pattern , 
the first dummy channel structure including a second 10 the first channel pattern contacting the first semicon 

semiconductor pattern contacting the substrate and a ductor pattern ; 
second channel pattern on the second semiconductor forming first dummy channel structures penetrating the 
pattern , mold insulating layer and the mold structure on the 

the second channel pattern contacting the second semi connection region , 
conductor pattern , 15 each of the first dummy channel structures including a 

the second semiconductor pattern extending to a second second semiconductor pattern contacting the substrate 
height from the surface of the substrate to a top and a second channel pattern on the second semicon 
surface of the second semiconductor pattern , and ductor pattern , 

the first height being greater than the second height . the second channel pattern contacting the second semi 
2 . The method of claim 1 , wherein the forming a cell 20 conductor pattern ; and 

channel structure includes forming a first data storing pattern forming a second dummy channel structure penetrating 
between the stack and the first channel pattern . the mold insulating layer on the boundary region , 

3 . The method of claim 2 , wherein the second dummy channel structure including a third 
the forming a first dummy channel structure includes semiconductor pattern contacting the substrate and a 

forming a second data storing pattern between the mold 25 third channel pattern on the third semiconductor pat 
insulating layer and the second channel pattern , 

the first channel pattern and the second channel pattern the third channel pattern contacting the third semiconduc 
include a same channel material , tor pattern , and 

the first data storing pattern and the second data storing forming gate electrodes , wherein the forming gate elec 
pattern include a same data storing material . trodes includes forming a trench penetrating the mold 

4 . The method of claim 1 , wherein structure , forming openings by selectively removing 
the cell region includes a cell array region and a connec the sacrificial layers of the mold structure exposed by 

tion region adjacent to the cell array region , the trench , forming a gate conductive layer in the 
the stack includes an edge part with a stepwise structure openings , and patterning the gate conductive layer . 

on the connection region , and 35 9 . The method of claim 8 , wherein 
the mold insulating layer covers the edge part of the stack . the first semiconductor pattern extends to a first height 
5 . The method of claim 4 , further comprising : from a surface of the substrate to a top surface of the 
forming a second dummy channel structure penetrating first semiconductor pattern , 

the edge part of the stack on the connection region , the second semiconductor pattern of at least one of the 
wherein the forming the second dummy channel structure 40 first dummy channel structures adjacent to the third 

includes forming a third semiconductor pattern in con semiconductor pattern further includes a first sub 
tact with the substrate and a third channel pattern on the semiconductor pattern , 
third semiconductor pattern . the first sub - semiconductor pattern extends to a second 

6 . The method of claim 1 , further comprising : height from the surface of the substrate to a top surface 
forming a peripheral circuit device on the peripheral 45 of the first sub - semiconductor pattern , 

region , the third semiconductor pattern extends to a third height 
wherein the forming a peripheral circuit device includes from the surface of the substrate to a top surface of the 

forming a peripheral gate insulating layer and a periph third semiconductor pattern , 
eral gate electrode stacked on the substrate and source ! the second height is smaller than the first height , and 
drain regions in the substrate adjacent to sidewalls of 50 the third height is smaller than the first height . 
the peripheral gate electrode . 10 . The method of claim 9 , wherein 

7 . The method of claim 1 , further comprising : the second semiconductor pattern of at least one of the 
forming a gate dielectric layer contacting a sidewall of the first dummy channel structures adjacent to the first 

first semiconductor pattern , semiconductor pattern further includes a second sub 
wherein the gate dielectric layer is not formed adjacent to 55 semiconductor pattern , 

a sidewall of the second semiconductor pattern . the second sub - semiconductor pattern extends to a fourth 
8 . A method of fabricating a semiconductor memory height from the surface of the substrate to a top surface 

device , the method comprising : of the second sub - semiconductor pattern , and 
forming a mold structure on a cell region of a substrate , the fourth height is greater than the second and third 

the mold structure including insulating layers and sac - 60 h eights . 
rificial layers that are alternately and repeatedly 11 . The method of claim 8 , wherein 
stacked on the cell region , the forming a cell channel structure further includes 

the substrate including the cell region , a peripheral forming a first data storing pattern in contact with a 
region , and a boundary region between the cell sidewall of the first channel pattern , 
region and the peripheral region , 65 the forming first dummy channel structures further 

the cell region including a cell array region and a includes forming second data storing patterns in contact 
connection region ; with sidewalls of the second channel patterns , 
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the forming a second dummy channel structure further the forming the plurality of second dummy channel 
includes forming a third data storing pattern in contact structures includes forming the plurality of second 
with a sidewall of the third channel pattern , dummy channel structures arranged in a direction , and 

the first , second , and third channel patterns are formed of the forming a plurality of second dummy channel struc 

a same channel material and 5 tures includes forming the second dummy channel 
structures such that each of the second dummy channel the first , second , and third data storing patterns are formed structures has a bar shape . of a same data storing material . 14 . The method of claim 8 , further comprising : 

12 . The method of claim 8 , further comprising : forming a peripheral circuit device on the peripheral 
forming a plurality of second dummy channel structures , region ; and 10 wherein forming a peripheral protection layer covering the periph 
the forming a plurality of second dummy channel struc eral circuit device , 

tures includes the forming a second dummy channel wherein the forming a peripheral circuit device includes 
structure , and forming a peripheral gate insulating layer on the sub 

the forming a plurality of second dummy channel struc - 15 . strate , forming a peripheral gate electrode on the 
tures includes forming the plurality of second dummy peripheral gate insulating layer , and forming source / 
channel structures arranged in a direction , and drain regions in the substrate adjacent to both sidewalls 

the forming a plurality of second dummy channel struc of the peripheral gate electrode , and 
tures includes forming the second dummy channel the forming a mold insulating layer includes forming the 
structures such that each of the second dummy channel 20 mold insulating layer such that the mold insulating 
structures has one of a circular shape and an oval shape . layer covers the peripheral protection layer . 

13 . The method of claim 8 , further comprising : 15 . The method of claim 8 , further comprising : 
forming a plurality of second dummy channel structures , forming a gate dielectric layer contacting sidewalls of the 

first and second semiconductor patterns , wherein 
the forming the plurality of second dummy channel 25 wherein the gate dielectric layer is not adjacent to a 

structures includes the forming a second dummy chan sidewall of the third semiconductor pattern . 
nel structure , * * * * * 


